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PREFACE. 


THE  various  problems  connected  with  the  phenomena  of 
fermentation  have  received  attention  daring  the  paat  ten 
years  from  so  many  investigators  in  different  countries,  and  are 
occupying  the  minds  of  so  many  people  to^ay,  that  it  has 
seemed  desirable  to  put  together,  as  far  as  possible,  the  results 
reached  up  to  the  present  time,  and  to  put  forward  a  view  of 
oar  present  position  with  regard  to  the  whole  subject. 

The  recent  discovery  by  BUchner  of  zymase,  the  enzyme 
which  is  capable  of  setting  up  alcoholic  fermentation,  has 
attracted  renewed  attention  to  the  whole  question,  and  has  for 
the  first  time  clearly  shown  what  has  long  been  suspected,  that 
the  production  of  alcohol  must  fall  into  line  with  the  other 
proc««ses  of  decomposition  which  have  for  some  years  now  been 
included  under  the  one  name  of  fermentation. 

It  has  appeared  to  the  writer  desirable  for  many  reasons  to 
lay  stress  on  the  relations  existing  between  fermentation  in  the 
broad  sense  and  the  general  metabolic  phenomena  of  living 
organisms.  Recent  discoveries  have  shown  more  and  more 
plainly  what  a  prominent  part  is  played  by  enzymes  in  intra- 
cellular metabolism,  till  it  has  become  clear  that  the  distinction 
drawn  between  organised  and  unorganised  ferments  is  based 
upon  on  incomplete  acquaintance  with  the  metabolic  prooeasea 
in  both  higher  and  lower  organisms,  and  must  now  be 
abandoned  entirely  in  the  light  of  fuller  knowledge.  The  dis- 
covery of  zymase,  already  alluded  to.  causes  the  disappearance 
of  almost  the  last  resting-place  of  the  distinction. 

As  soon  as  we  cease  to  associate  fermentation  solely  with 
the  lowly  forms  of  living  organianis,  the  vitalistic  theory  of  the 
writers  of  the  school  of  de  latoar  and  Pasteur,  which  makes 
alcoholic  fermentation  especially  the  expression  of  that  life 
under  different  conditions  of  nutrition  or  aeration,  is  seen  to 
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be  DO  longer  sufficient  to  embrace  all  the  facts.  The  more 
recent  work  takes  the  subject  beyond  the  stage  at  which  it 
was  left  by  Pasteur,  showing  uh  that  precisely  similar  operfl^^ 
tions  are  incidental  to  the  life  of  the  higher  organisms.  It 
thus  bocomea  necessary  to  enquire  into  the  relationship  of 
protoplasm  to  metabolism,  and  to  the  association  of  ferments 
or  enzymes  with  the  liiing  substance,  and  so  to  establish  the 
intimate  relationship  of  fermentation  to  the  ordinary  metabolic 
processes.  It  become^)  possible  to  go  further  than  this,  and 
to  consider  by  what  chemical  or  physical  processes  the  observed 
changes  or  decompositions  are  e6fected  by  protoplasm  or  by 
its  seci-etions. 

The  comparatively  recent  speculations  of  Emil  Fischer  upoi 
the  configuration  of  the  enzymes  and  the  various  bodies 
they  attack,  based  as  they  are  upon  careful  and  painstaking 
investigations,  direct  us  towards  a  new  chemical  hypothesis  of 
their  action,  which,  while  not  coutiuvauiug  the  views  of  tke^ 
Tit&listic  school  of  the  earlier  observera,  certainly  extends,  if  n| 
does  not  complete  them.  That  the  work  of  enzymes  will  be 
ultimately  shown  to  be  chemical  rather  than  physical  in  nature 
is  rendered  probable  by  the  able  researches  of  Croft  Hill,  to 
which  attention  is  called  at  the  conclusion  of  this  work. 

J.   REYNOLDS   GREEN. 
Oambriooz, 
Jpnl,  1899. 
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Vtatauag  J.  Reynolds  Orocn  differs  from  ue  as  to  the  adriaability  of 
adding  an  Index  to  the  proaeut  voluma  The  scheate  of  the  Cambridge 
Natural  Science  IkUnuaL^  includes  an  Index  and  I  have  therefore  cAusod 
one  to  be  made,  I  wish  to  stnt«  however  th^t  Profbssor  Oreon  has  no 
respooDibility  for  thin  ftart  of  the  book,  which  would  no  doubt  bare  been 
much  better  had  the  Author  »eeii  hiH  w»y  to  prepare  it 

Nauiett  of  Authors  are  omitted  from  the  lodox  but  full  rofercDce  to 
them  will  be  found  iu  the  BibUdgmphj. 

A.  E.  S. 
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ADDENDUM. 


Since  the  greater  portion  of  this  book  has  been  in  type,  a  paper 
haa  been  published  by  Professor  Newcombe  of  Michigan  UniTersity 
{ArmaU  of  Botany,  March,  1899),  in  which  he  shows  that  he  has 
demonstrated  the  existence  of  cytase  in  the  mycelium  of  AapergiUtu 
nigeTt  in  germinating  seeds  of  Lupinus  cUbiu,  Pisum  saCtvum,  and 
Foffopyrum  esculentwn^  and  in  both  cotyledon  and  endosperm  of 
Phamx  daetylifera  during  germination.  In  the  latter  case  he 
holds  it  to  be  formed  in  the  cotyledon  and  thence  to  pass  into  the 
endosperm. 
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Like  so  many  of  the  phenomena  which  are  associated  with 
the  presence  of  life,  fermentation  has  been  the  subject  of  careful 
study  extending  over  centuries  of  time.  It  has  been  the  object 
of  experiment  at  the  hands  of  many  investigators,  and  its 
nature  has  been  the  theme  of  vigorous  controversy.  Hypo- 
thesis after  hypothesis  has  been  advanced  to  explain  the 
various  phenomena  which  it  presents,  each  in  turn  marking 
au  adratice  in  knowledge,  but  none  of  them  sufficing  to  account 
satisfactorily  for  the  whole  of  the  fects  observed.  Thongh 
within  the  past  two  centuries  very  substantial  advances  have 
been  made,  much  still  remains  undiscovered. 

The  term  fermentation  was  first  applied  to  the  process 
which  leads  to  the  formation  of  alcohol,  the  knowledge  of  which 
goes  back  to  very  remote  antiquity.  The  name  probably  arose 
from  the  copious  evolution  of  gas  which  accompanies  the  pro- 
duction of  the  spirit,  and  which  gives  the  licpiid  in  which  it  is 
taking  place  the  appearance  of  a  gentle  ebullition. 

It  is  not  sui-prising  that  in  CArly  times  very  mistaken  ideas 
arose  as  to  the  nature  of  the  process,  based  upon  this  ap- 
pearance. Wherever  a  di.<iengagfiment  or  evolution  of  a  gas  was 
noticed  it  was  thought  to  be  due  to  similar  causes.  Hence 
we  find  some  of  the  older  writers  classing  with  fermentation 
the  effervescence  which  ensues  when  an  acid  is  brought  into 
contact  with  chalk.  The  evolution  of  gas  in  the  animal 
intestine  was  held  more  correctly  to  be  a  kindred  phenomenon. 
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Though  many  of  the  reactions  thus  grouped  together  were 
poascasefl  of  very  little  iu  comuiou,  one  process  which  was  of 
very  early  date  was  associated  correctly  with  ferraeatation. 
ThJB  was  the  action  of  leaven  in  the  preparation  of  bread.  The 
evolution  of  gas  was  observed  in  connection  with  the  raising 
of  the  dough,  though  no  further  resemblance  to  the  alcoholic 
fermentation  was  recognised.  Indeed  the  speculations  con- 
cerning leaven  and  its  action  were  of  the  wildest  order*  some 
writers  comparing  it  to  the  hypothetical  phUosopher's  atone, 
and  attributing  to  it  the  power  of  traiuiforming  the  dough  into 
something  resembling  itaelf. 

One  fact  of  importance  came  out  amidst  all  the  mass  of 
confusion,  though  its  interpretation  left  much  to  be  desired. 
This  was  the  discovery  that  a  very  small  quantity  of  leaven  was 
capable  of  fermentiog  or  transfonning  an  almost  indefinite 
amount  of  dough.  The  latter  was  however  considered  to  be 
converte<l  into  leaven. 

Another  point  of  resemblance  between  these  two  fermen- 
tative processes  was  known  at  a  comparatively  early  date. 
Just  as  the  aeration  of  dough  woii  associated  ^rith  the 
presence  of  leaven«  alcoholic  fermentation  was  found  to  be 
accompanied  by  the  formation  oT  a  deposit  in  the  fermenting 
liquid,  which  took  the  form  sometimes  of  a  sediment,  sometimes 
of  a  scum  Hoating  on  the  surface.  By  many  writers  con- 
siderable importance  was  attached  to  this  deposit,  and,  as  in 
the  case  of  the  leaven,  some  special  occult  force  was  nttribiited 
to  it,  by  virtue  of  which  it  set  up  the  changes  which  could  be 
obsurved  in  the  liquid.     It  was  consequently  calU'd  afernient. 

The  true  nature  of  this  deposit,  like  that  of  leaven,  for  a 
very  long  period  was  not  investigated,  nor  the  part  it  plays 
at  all  understood. 

About  the  end  of  the  sixteenth  century  the  process  of 
putrefaction  was  associated  with  the  two  fermentations  so  far 
mentioned,  aud  the  three  shown  to  have  much  iu  common. 
The  confusion  however  which  led  to  the  association  of  efferves- 
cence with  th(;m  was  maintained  for  some  considerable  time. 
It  was  not  till  1659  that  de  la  Boe  pointed  out  that  they 
difier  considerably   from   effervescence,   the   chief  reaction  of 
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the  latter  being  one  of  combination,  while  in  the  cases  of 
ferinentiition  it  is  one  of  decomposition. 

The  first  clear  pronouncement  upon  alcoholic  fermentation 
waa  made  by  Becher  in  1682,  and  it  marks  an  epoch  in  the 
development  of  our  knowledge  of  the  subject.  This  author 
aacertained  that  only  saccharine  liquids  ai-e  capable  of  under- 
going alcoholic  fermentation,  and  he  showed  that  the  alcohol 
does  not  exist  as  such  in  the  original  "must"  of  wine,  as  had 
I      been  supposed,  but  is  formed  during  the  operation  of  fermenta- 

■  bion.  Becher  considered  its  formation  to  be  due  to  a  kind  of 
^kounbustiou  of  the  sugar,  as  he  ascertained  that  air  is  needed  tu 
^Hftt  up  the  phenomenon. 

■  About  the  same  time  the  deposit  or  scum  which  had  been 
~    observed  as  au  invariable  accompaniment  of  frrmcntatiou  was 

examined  microscopically  by  Leuwenhoek,  who  showed  it  to 
be  composed  of  little  ovoid  or  spherical  globules,  but  he  was 

H  unable  to  determine  their  nature. 

W  Though  the  subject  was  somewhat  vehemently  discussed 
and  various  theories  were  advanced  to  explain  the  observed 
phenomena,  but  little  real  advance  was  made  during  the  next 

P  century.  The  acetic  fcrmcix^tion  was  discovered  and  the 
similarity  of  putrefaction  and  fermentation  in  general  insisted 
npon.  But  the  nature  of  Leuwenhoek's  globules  remained 
nndeterniined,  many  observejs,  especially  Fabroni,  holding 
them  to  be  of  animal  origin.  The  work  of  Lavoisier  towards 
the  close  of  the  eighteenth  century  threw  a  flood  of  light  upon 
the  process.  The  great  chemist  studied  quantitatively  the 
relatiuns  of  the  sugar  to  the  derivatives  formed  from  it  during 
the  fermentation,  and  came  to  the  conclu.ston  that  the  operation 
consisted  of  a  splitting  up  of  the  sugar  into  two  parts,  one  of 
_  which  became  oxygenated  to  form  carbonic  dioxide,  while  the 
f  other  was  converted  into  alcohol.  He  said  that  if  it  were 
possible  to  reoombine  these  two  bodies,  sugar  would  again  be 

t  formed. 
About  the  year  1815  analyses  by  Gay-Lussac,  Th6nard  and 
de   SausKure   fixed   definitely   the   composition   of   sugar   and 
alcohol.     During  the  early  yeai-s  of  the  pre-sent  century  indeed 
the  views  of  Lavoi.sier  were  the  basis  of  much  research  from  the 
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chemical  side,  and  the  work  resulted  in  deternuning  the  chaoges 
which  take  place  in  the  sugar. 

During  the  same  period  iuquiries  were  made  by  many 
obscrvpra  into  the  nature  of  the  globules  and  their  i-chition  to 
the  fenneutation.  Astier  in  1SI8  and  Desroazi^res  in  1826 
adhered  to  Fabroni's  view  that  they  were  of  animal  origin, 
Astier  holding  that  they  could  only  live  at  the  expense  of  the 
sugar  which  they  decomposed. 

Shortly  afterwards  Cagniard  de  Latonr,  repe^iting  Leu- 
wenhoek's  experiments,  Bi\w  that  the  globules  consisted  of  a 
definite  organism,  capable  of  reproduction  by  budding,  and 
belonging  appirontly  to  the  vegetable  kingdom.  He  concluded 
that  probably  they  disengaged  the  carbonic  dioxide  and  fer- 
mented the  liquid  by  some  effect  of  their  vegetation. 

This  discovery,  which  is  really  the  basis  of  the  present 
views  of  the  subject,  was  also  made  almost  simultaneously  by 
Schwann  at.  Jona.  and  by  KUtxing  at  Berlin,  who  were  con- 
firmed by  Quevenne,  Tuq)iu  and  Mitscherlich.  The  organism 
was  referred  by  some  to  the  Fungi  and  by  others  to  the  Algae, 
but  its  true  systematic  position  was  first  ascertained  by  Meyen, 
who  pronounced  it  a  fungus  and  placed  it  in  a  new  genus, 
to  which  he  gave  the  name  Saccharomycea. 

These  researches  laid  the  foundation  for  the  more  complete 
and  satisfactor)-  views  of  Piisteur,  whose  iuvestigations  have 
thrown  so  much  light  upon  the  whole  process  of  feimentation. 
The  association  of  a  detinitrf?i  organism  with  the  decomposition 
of  the  sugar  and  the  idea  that  the  latter  was  in  some  manner 
connected  with  the  mauifestatiou  of  its  vital  processes,  removed 
the  question  from  the  realm  of  chemistry  in  the  narrower  sense 
and  gave  it  a  place  among  the  problems  of  physiology. 
Pasteur  in  studying  the  subject  from  the  latter  point  of  view 
made  the  very  important  discovery  that  the  production  of 
alcohol  is  accompanied  by  the  coincident  formation  of  glycerine 
and  Buociuic  acid,  and  he  determined  by  quantitative  methods 
that  about  4  per  cent,  of  the  sugar  which  disappears  during 
the  progi-ess  of  a  fermentation  gives  rise  to  these  two  new 
derivatives. 

Pasteur  came  to  the  conclusion  that  the  exercise  of  the 
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fermentative  power  by  the  Saccharomycete,  or  yeast,  was 
connected  with  Dutritiou  in  the  abseuce  of  free  oxygen,  and 
that  it  was  really  the  expreHMion  of  the  effort  of  the  orgaaism 
to  obtain  oxygen  in  the  absence  of  a  free  supply.  In  this 
connection  some  investigations  of  Lechartier  and  Bellamy  may 
be  recalled.  These  observers  made  a  number  of  experiments 
with  ripe  succulent  fruits,  which  they  kept  for  several  months 
in  an  atmosphere  devoid  of  oxygen.  Under  these  conditions 
the  fruits  gave  off  continuously  a  certain  quantity  of  carbon 
dioxide,  and  at  the  end  of  the  time  of  observation  the  pulp 
contained  a  measurable  amount  of  alcohol.  Microscopic  ob- 
servation showed  that  this  fermentation  took  place  in  the 
absence  of  yeast  cells,  and  was  in  fact  carried  out  by  the  liWng 
substance  of  the  cells  of  the  pulp.  Pasteur  coufinned  these  ob- 
servations and  regarded  them  as  sti-engthening  his  hypothesis. 

Schiitzenberger  has  argued  with  some  force  against  the 
view  that  the  decomposition  of  the  sugar  is  related  to  the 
respiratory  pi-ocess  of  the  yeast,  preferring  to  regard  it  as 
ministering  to  its  nutrition.  A  discussion  of  this  point  must 
however  be  left  to  a  subsequent  chapter. 

Though  the  \iew8  of  the  Pasteur  school  did  not  at  once 
meet  with  univei'sal  acceptance,  being  opposed  strongly  by 
Liebig  and  by  Naegeli,  both  of  whom  supported  a  theory  of 
molecular  vibration  an  explaining  the  decomposition  of  the 
sugar,  no  dijubt  is  now  entertained  that  the  living  protoplasm 
of  the  vegetable  cell  is  the  ultimate  cause  of  the  fermentative 
process,  and  that  the  latter  is  the  expression  of  some  activity 
connected  with  the  maintenance  of  its  life.  That  it  is  not  a 
specific  peculiarity  of  the  protoplasm  of  the  yeast  celt,  but  is 
shared  by  that  of  much  Uighoi-  platits,  is  equally  clearly  shown 
by  the  work  of  Lechartier  and  Bellamy  already  alluded  to. 

The  iuBuence  of  living  cells  of  yeast  in  the  furmeutation  ur 
leavening  of  dough,  and  that  of  other  vegetable  organisms  in  the 
processes  of  putrefaction  established  during  the  present  century 
show  how  essentially  similar  these  processes  are  to  the  alco- 
holic fermentation.  Micro-organisms  have  been  found  capable  of 
£also  many  other  decompositions  comparable  with  all 


» 


6 


THE   MATURE  OF   FERMENTATION 


[CH. 


Whilst  Pasteur's  views  were  gradually  making  themaelves 
felt,  work  in  another  direction  was  progressing  which  was  destined 
to  materially  enlarge  our  views  of  the  whole  subject.  Quite  m 
the  early  part  of  the  pre&ent  century  (1814)  Kirchhofif  observed 
that  germinating  barley  contained  something  which  was  capable 
of  liquefying  starch-paste  and  that  in  the  process  it  formed  a 
kind  of  sugtir.  Kirch hofT  associated  this  jxiwcr  with  the  albumi- 
noid material  or  gluten  of  the  grain.  In  1823  the  observation 
was  repeated  by  Dubrunfaut,  and  in  1833  Payeu  and  Persoz 
extracted  from  germinating  barley  the  substance  which  eflFccted 
the  decomposition.  They  steeped  the  grain  iu  water  for  some 
time  and  filtered  off  the  extract.  On  adding  a  large  excess  of 
alcohol  to  the  filtratt  they  obtained  a  white  flocculent  precipi- 
tate, which  when  dried  and  dis^tolved  in  water  was  found  oapable 
of  converting  starch-paste  into  sugar.  The  change  induced  by 
this  substance,  which  they  called  diastase,  vfa»  held  to  bo  a 
kind  of  fermentation.  It  appeared  to  act  iu  the  same  way  aa 
the  globules  of  Leuweuhoek,  the  nature  of  which  wan  at  that 
time  undetermined,  as  already  explained.  At  the  same  time  it 
was  clearly  an  unorganised  substance,  though  very  little  was 
definitely  known  about  it.  On  this  account  it  was  distinguished 
as  an  unorganised  /ei^ment> 

Two  years  earlier  Leuchs  had  noticed  that  saliva  possessed 
the  same  property  as  the  gcnninnting  barley  in  that  it  was 
capable  of  converting  atarch-pa.ste  into  sugar.  In  1845  Mialbe 
showed  that  a  preparation  of  diastase  could  be  prepared  from 
this  animal  secretion  by  the  same  process  as  Payen  and  Persoz 
had  adopted  for  their  barley  extiucl. 

This  discovery  was  followed  by  others.  In  1836  Schwann 
demonstrated  the  existence  of  pepsin  in  gastric  juice,  and 
showed  that  it  decomposed  indiffusible  albuminous  bodies 
into  others  that  were  capable  of  passing  through  membranes. 
Berthelot  found  that  a  watery  extract  of  yeast,  quite  free  from 
the  cells  of  the  plant,  was  capable  of  converting  cane-sugar  into 
two  other  sugars  of  simpler  composition.  Liebig  and  Woehler 
discovered  a  similar  body  in  the  seeds  of  the  almond,  which 
decomposed  amygdaliu  with  the  formation  of  sugar  aitd  other 
products,  and  they  were  again  struck  by  the  similarity  o.f  the 
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action  to  that  of  yeast  in  alcoholic  fermentation.  About  1860 
Brlicke  prepared  from  the  mucous  mcrabraoc  of  the  stomach 
the  ferment  first  observed  by  Schwann  which  split  up  insoluble 
proteids,  causing  the  formation  of  atjluble  peptone. 

All  these  various  ferments  were  recognized  as  associated 
In  some  way  with  the  living  substance  of  either  animal  or 
vegetable  cells,  and  they  were  soon  held  to  play  an  important 
part  in  the  life  of  the  organism  from  which  they  were  extracted. 

Two  classes  of  ferments  appeared  to  be  thus  indicated,  the 
one  a  living  organism,  working  only  during  its  own  processes  of 
growth  and  multiplication ;  the  other  consisting  of  substances 
which  could  be  extract^  by  solvents  from  the  cells  in  which 
th«y  were  formed,  and  capable  of  setting  up  decompositions 
apart  from  the  life  of  such  cells.  The  two  categories  were 
consequently  called  organised  and  unorganised  or  soluble 
ferments.  The  term  enzyme  is  now  generally  used  to  indicate 
the  latter  class. 

In  studying  these  various  bodies  and  the  ultimate  relations 
of  the  one  class  to  the  other  it  Is  evident  that  attention  must 
be  given  to  the  vital  phenomena  of  protoplasm,  and  to  the 
changes  which  take  place  lu  its  substance  during  the  manifesta- 
tion of  its  life.  The  work  of  recent  years  has  thrown  much 
light  upon  the  various  operations  that  take  place  in  cells,  and 
we  now  know  that  these  are  for  the  most  part,  if  not  entirely, 
regulated  by  the  behaviour  of  the  living  substance. 

Varioas  views  have  been  put  forward  as  to  the  arrangement 
of  the  living  protopla.sm.  Though  this  is  a  matter  which  can 
by  no  means  be  regarded  as  Hnally  established,  there  is  some 
probability  that  it  is  disposed  in  the  form  of  a  network,  the 
meahee  of  which  are  occupied  by  a  material  which  is  similar  in 
composition  but  which  is  not  living.  The  great  characteristic 
of  protoplasm  is  its  instability;  it  is  continually  undei^oiug 
decomposition  and  reconstruction.  Some  of  the  residues  of  ita 
breaking  down  are  capable  of  being  built  up  again  into  its 
substance ;  others  are  thrown  off  from  it.  Of  these  some  are 
eliminated  entirely  from  the  organism,  others  are  retained 
within  it  to  carry  on  some  of  the  more  subordinate  processes 
of  its  life  or  its  nutrition. 
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Ad  aoimal  or  vegetable  cell  b  hence  the  centre  of  very 
vigorooH  activity ;  work  is  going  on  within  it  in  the  direction  of 
incorporating  material  for  the  growth  of  the  li%-ing  substance, 
or  of  preparing  material  brought  to  it,  so  that  it  may  be  capable 
of  such  incorporation.  Again  uome  of  ite  substance  may  be 
undergoing  decomposition  with  a  view  to  supplying  the  energy 
which  it  needs  for  the  maintenance  of  its  vital  processes. 

The  chemical  changes  involved  may  be  of  three  kinds.  The 
decumpositiomt  may  involve  the  incorporation  of  material  into 
the  actual  substance  of  the  protoplasm  and  the  subsequent 
splitting  off  of  various  residues  fiom  tbe  latter.  Such  appear 
to  attend  the  formation  of  the  various  enzymes  such  as  diastase ; 
also  the  formation  of  fat,  starch,  and  other  compounds  which  can 
be  seen  in  various  cells.  Other  changes  may  take  place  without 
the  establishment  of  such  an  intimate  relationship  with  the 
protoplasm.  They  may  be  carried  out  by  the  protoplasm 
outside  its  own  substance,  the  materiaU  affected  not  being 
incorporated  in  it  while  the  change  is  taking  place.  Such 
decompositions  have  been  alluded  to  by  various  writers  as 
caused  by  the  fenuentative  action  of  protoplasm  it«eJf 

A  third  class  of  reaction  may  take  place  in  the  cell  with- 
out the  actual  intervention  of  the  protoplasm  at  all.  It  is 
probable  that  processes  of  oxidation  and  reduction  are  taking 
place  among  the  substances  which  occupy  the  meshes  of  the 
protoplasmic  network,  and  that  quiescent  as  the  cell  appears  it 
is  the  seat  of  many  chemical  reactions  of  this  kind.  Thus  the 
formation  of  sugar  in  the  cells  of  leaves  under  the  inHucnce  of 
chlorophyll,  which  probably  involves  the  polymerisation  of  some 
form  of  aldehyde,  need  not  necessarily  involve  the  action  of  the 
living  substance,  as  such  polymerisation  is  very  frequeut  among 
aldehyde  bodies. 

Some  of  the  decompositions  of  the  latter  class  may  be  distin- 
guished from  the  others  by  the  fact  that  though  protoplasm  is 
not  immediately  concerned  in  bringing  them  about,  it  prepai-es 
from  its  own  substance  the  agent  by  which  the  transformation 
is  effected.  The  secretion  or  formation  of  this  new  factor 
belongs  to  the  lirst  class  of  reactions  mentioned,  but  the 
material  once  secreted  is  endowed  with  the  power  of  setting  up 
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and  maintaining  the  dectmiptMitions  in  ijiiostion.  The  ultimate 
purpose  of  the  secretion  is  usually  though  not  necessarily  the 
digestion  of  some  form  of  food  material  to  prepare  it  for  in- 
corporation into  the  living  substance  itself.  So  many  of  these 
bodies  are  now  known  that  it  does  not  seem  very  unreasonable 
to  put  forward  the  view  that  all  decumpositions  of  this  kind  will 
ultimately  be  found  to  be  cairied  out  by  such  a  mechauism. 
The  number  of  cases  in  which  the  direct  rather  than  the 
indirect  intervention  of  protoplasm  appears  to  be  involved  is 
continually  gi-owing  smaller  as  further  work  upon  metabolism 
proceeds.  A  very  important  addition  to  our  kuowledge  in  this 
direction  has  been  made  during  the  past  two  years  by  Buchncr, 
who  has  ascertaiuod  that  even  the  eai'liest  known  fermentative 
process,  the  formation  of  alcohol  froui  sugar,  is  earned  out  by  a 
soluble  ferment  which  can  be  extracted  from  the  yeast  cell. 

The  constructive  pi-uceaaea  which  take  place  in  the  cell 
have  n(it  been  so  clearly  shown  to  be  carried  out  by  such 
secretions.  In  most  cases  iu  which  a  building  up  of  complex 
from  relatively  simple  substances  takes  place  in  the  cell,  it  is 
carried  out  b}'  the  direct  intervention  of  the  protoplasm.  Hence 
ihe  study  of  fennentation  is  mainly  directed  to  processes  of 
degradation  whereby  complex  substances  are  broken  down  into 
more  simple  ones.     To  this  point  we  shall  return  later. 

We  may  consequently  for  the  present  dtffine  fermentation 
to  be  the  decomposition  of  complex  organic  material  into 
substances  of  simpler  composition  by  the  agency  eitiier  of  proto- 
plastu  itself  or  of  a  secretion  prepared  by  it, 

Wc  find  instances  of  both  these  methods  in  unicellular 
and  in  multicellular  organisms,  as  well  in  the  animal  as  in  the 
vegetable  kingdom.  By  far  the  greater  number  of  instances 
of  the  fermentative  activity  of  the  protoplasm  as  apart  from 
secreted  emsymes  may  be  foimd  in  the  so-called  &i'gam8ed  fer- 
ments, the  yeasts  and  the  great  group  of  micro-organisms  or 
Schizopkt/ta,  So  prominent  indeed  are  these  plants  in  their 
power  of  exciting  various  decouipositious  that  they  were  origin- 
ally regarded  as  the  only  "ferments,"  the  fact  that  the  "fermen- 
tation*' was  merely  incident  to  their  own  biological  process 
pasaing  almost   unnoticed.      The    theory   that   this   power   or 
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property  pute  them  into  a  clans  distmct  biologically  from  other 
and  higher  plants  is  however  quite  disproved  by  the  discoveiy 
that  many  of  them  provoke  the  decomposition  associiiU'd  with 
them  by  menn.s  of  enzymes,  which  can  with  a  little  care  be 
prepared  and  separated  from  them  with  almost  as  ranch  eaae  as 
from  the  higher  plants  themselves.  Moreover  the  enzymes  they 
necrete  are  identical  with  those  which  are  prepared  by  the  latter. 

It  follows  from  this  that  those  processes  of  fermentation  in 
which  the  protoplasm  is  directly  involved  are  intracellular.  It  i» 
only  comparatively  lately  that  this  has  been  realised  in  the  case 
of  many  vegetable  organisms.  The  presence  of  a  cell-wall 
clothing  the  living  substance  would  reader  impossible  the  con- 
tact noccHsarj-  to  produce  externally  the  decompositions  observed. 
This  point  still  needs  emphasising  in  the  case  of  many  of 
the  bacterial  fermentations.  Not  only  in  unicellular  but  in 
multicellular  organisms  also  this  can  be  observed.  Instances 
ore  afforded  by  the  alcoholic  fermenlation  of  ripe  fruits  noticed 
by  Lechartier  and  Bellamy,  and  more  recently  studied  by 
Gerbcr;  by  the  transformation  of  glycogen  into  sugar  in 
the  muscles  and  possibly  the  liver  of  the  higher  nnimals, 
though  it  is  not  certain  that  the  latter  is  not  the  seat  of 
a  fermentation  by  a  variety  of  diastase ;  by  the  peptonising 
of  the  proteids  of  the  barley  and  other  cei-eals  during  the 
process  of  germination.  The  power  of  fomiing  acids  possessed 
by  varioQs  bacteria  is  shown  also  by  the  cells  of  the  succulent 
pareuchyma  of  the  higher  plants.  Though  acetic  acid  is  formed 
by  Mfjcodenna  aceti  frt>in  alcohol,  and  such  parenchyma  appears 
tu  form  the  acids  it  contains  from  sugar,  the  protoplasm  in 
both  cases  is  the  active  agent.  The  acids  are  more  complex 
in  the  latter  case,  but  this  is  probably  due  to  the  character  of 
the  metabolism  of  the  two  classcH  of  cells  respectively. 

Turning  to  the  processes  of  fermentation  which  are  carried 
out  by  means  of  enzymes  we  find  more  complexity.  In  the 
simplest  cases  of  unicellular  plants  and  animals  intracellular 
fermentation  is  most  general.  The  complex  .substance,  which 
is  usually  a  food-material,  is  absorbed  into  the  cell ;  an  enzyme 
is  secreted  there,  and  the  work  of  transformation  follows. 
From  \'ariou8  unicellular  plants  enzymes  have  been  extracted 
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which  do  not  escape  durtug  life,  but  which  arc  i-esponsiblc  for 
various  chemical  reactions  in  the  cells.  Evidence  of  the  extHt- 
eDce  of  others  iu  other  cells  has  been  obtained,  though  the 
enzymes  have  never  been  extracted.  Thus  in  the  digestive 
processes  of  certain  unicellular  animals,  notably  Amoeba,  Car- 
cheaium,  and  Actinosphairinm,  ingested  f<x)d  has  been  found, 
soon  after  ite  absorption,  to  be  surrounded  by  a  vacuole  con- 
taining an  acid  liquid,  and  has  been  seen  to  dissolve  gnidually 
under  the  influence  of  the  contents  of  the  vacuole,  in  just  the 
same  way  as  similar  food-material  can  be  digested  in  tfitro  by 
artificial  gastric  juice. 

But  the  process  of  intracellular  digestion  is  not  the  only 
one  which  is  carried  on.  Many  cells  after  foi'ming  the  enzyme 
excrete  it  from  their  substance  into  the  surrounding  medium, 
where  it  brings  about  decompositions  the  products  of  which 
are  subsequently  absorbed  by  the  organism.  Many  bacteria 
have  been  found  to  behave  in  this  way,  but  it  is  a  phenomenon 
which  is  associate<l  more  generally  with  nmlticellular  f^tructuros, 
both  animal  and  vegetable.  So  long  as  a  single  cell  or  mass  of 
protoplasm  constitutes  the  whole  organism,  its  metabolic  and 
nutritive  processes  go  on  throughout  its  whole  substance.  But 
^vith  the  multiplication  of  cell^^  in  the  body  and  the  attendant 
differentiation  of  members  and  organs,  special  cells  are  found 
devoted  to  the  prei>aration  of  enzymes.  Others  in  turn  are 
specially  set  apart  for  the  absorption  of  nutritive  materials. 
It  is  evident  that  in  such  ca.ses  the  utilisation  of  the  enzymes 
is  only  possible  when  they  are  excreted  from  the  bt>dy  and 
allowed  to  do  their  work  in  such  positions  that  the  pi-ixhicts 
which  they  form  can  be  brought  easily  into  the  absorptive 
region.  Hence  we  get  gradual  difTerentiatioii  uf  the  complex 
glands,  found  for  instance  in  the  alimentary  trant  of  the  human 
body,  which  excrete  their  en:g'mes  into  a  region  which  is 
externa)  to  the  colls;  indeed  for  many  reasons  the  alimentary 
tract  itself  may  be  regarded  as  merely  an  invagination  of  the 
external  surface  of  the  body. 

The  distinction  which  was  formerly  drawaj,  as  already 
mentioned,  between  organised  and  unoi-ganised  ferments  is 
thus  seen  to  be  misleading.    The  fundamental  difference  which 
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appears  when  the  two  modes  of  activity  are  compared  is  fmiud 
to  be  a  difierence  of  differentiation  of  the  organism.  The 
unicellular  being  appears  in  moat  cases  to  carry  out  it§  work 
throughout  its  whole  Bub-stance,  and  the  magnitude  of  the  sphere 
of  the  changes  it  sets  up  being  far  greater  than  its  own  dimen- 
sions it  appears  only  as  something  provoking  large  disturbances 
in  some  organic  compound,  the  fact  that  these  are  only 
incidental  to  its  own  biological  needs  being  thereby  obecurod. 
The  multicellular  organism  devoting  only  a  definite  part  of  its 
substance,  and  that  generally  a  small  one,  to  the  transforraa- 
tion.s,  thene  are  easily  recognised  as  biological  in  their  end  and 
aim.  Both  unicellular  and  multicellular  structures  as  we  have 
seen  carry  out  the  work  by  identical  means,  either  the  fer- 
mentative activity  of  tlioir  protoplasm  or  the  secretion  and 
sometimes  subsequent  excretion  of  enzymes. 

The  Btudy  of  feriueutation  thus  resolves  itself  very  lai-gely 
into  an  investigation  of  the  destructive  or  decomposing  power 
of  protoplasm,  exerted  either  directly  or  by  means  of  secreted 
enzymes.  This  may  perhaps  be  narrowed  still  more,  for  as 
already  noted  many  of  the  cases  in  which  protoplasm  has  been 
supposed  to  act  directly  have  been  found  to  be  additional 
instances  of  enzymic  powere.  The  improved  methods  of  pre- 
paration which  have  been  di?<covered  have  id  many  cases  led 
to  the  isolation  of  enzymes  where  they  have  not  been  suspected. 
The  search  for  the  enzyme  which  produces  alcohol  from  sugar 
has  been  ca.rried  mi  by  many  investigators,  and  as  mentioned 
above  hnis  now  been  crownetl  with  success.  The  importance 
of  this  discovery  can  hardly  be  overestimated,  as  the  yeast 
cell  has  so  long  been  held  to  occupy  the  most  prominent 
position  as  an  organised  ferment.  There  still  remain  however 
many  cases  in  which  the  existence  of  an  enzyme  is  only 
hypothetical. 

Turning  to  the  consideration  of  the  enzymes  as  a  particular 
group  of  substances  we  tind  that  certain  general  features  can 
be  ascribed  to  them  in  common,  though  they  preseut  great 
differences  among  themselves,  A  discussion  of  their  possible 
or  probable  composition  must  be  deferred  to  a  later  chapter, 
but  for  the  present  we  may  note  that  it  is  very  difficult  to 
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hazard  more  than  a  L'oiijccturc  on  the  subject,  as  we  have  no 
criterion  of  their  purity,  nor  indeed  any  Hatisfactor}'  test  for 
their  existence  except  the  demonstration  of  their  poweiu 

Their  activity  is  ver}'  largely  dependant  upon  temperature, 
not  being  manifested  at  low  temperatures  approaching  the  freez- 
ing point  of  water;  it  inereaues  gradiuilly  as  the  temperature 
rises,  reaching  its  maximum  at  a  point  which  varies  somewhat 
for  each  enzyme,  but  which  ranges  between  30^  and  50'  C. ; 
beyond  this  so-called  optivium  point  it  gradually  diminishes, 
and  finally  disappears.  By  the  action  of  a  temperature 
approaching  KX)"  C  they  permanently  lose  their  characterifltic 
properties  and  are  destroyed  or  decomposed.  The  deleterious 
eGfect  of  this  high  temperature  is  apparently  dependant  upon 
their  being  in  contact  with  water,  for  if  perfectly  dry  they  will 
survive  heating  to  a  much  higher  poiut. 

It  is  generally  held  that  they  do  not  themselves  enter  into 
the  reactions  which  they  set  up.  but  provoke  those  changes 
without  undergoing  any  alteration.  Further,  they  are  not 
destroyed  by  their  own  activity,  the  energy  with  which  they 
work  not  apparently  proceeding  frum  any  decomposition  of 
their  substance. 

Certain  facts  which  have  been  observed  recently  throw  a 
certain  amount  of  doubt  on  the  accuracy  of  these  generally 
accepted  statements,  but  a  discussion  of  these  points  must  be 
deferred  to  a  subsequent  chnpter. 

The  euz}'mea  show  a  peculiar  sensitiveness  to  the  environ- 
ment in  which  they  find  themselves.  They  are  peculiarly 
induenced  by  the  reaction  of  the  solutions  in  which  they  are 
working,  some  being  active  only  in  acid,  others  in  neutral,  and 
others  again  in  alkaline  media.  Nor  is  their  activity  alone 
affected,  for  slight  altprntions  in  the  composition  of  a  medium 
favourable  to  theui  will  frequently  result  not  only  in  the 
stoppage  of  their  action  but  even  in  their  own  destruction. 
Their  activity  again  is  in  all  cases  lessened  and  finally  paralysed 
by  the  presence  of  an  excess  of  the  products  which  they  form. 

For  convenience  of  discussiou  the  enzymes  have  bc-en 
classified  according  to  the  materials  on  which  they  work.  The 
following  groups  are  fairly  well  established. 
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(1)  Those  which  transfoiia  insoluble  carbohydrates  of 
various  kinds,  ultimalely  producing  soluble  Hugni-s.  Of  these 
we  recognise  the  various  forms  of  diaataae,  which  attack  starch 
and  itfl  allien;  inulase,  which  decomposes  inulin ;  cyUise  which 
hydrolyses  cellulose. 

(2)  Those  which  traoafonn  sogare  of  the  biose  t}^^  into 
aimplci-  sugars,  usually  hexoses.  Of  these  we  have  instances  in 
VMertase  which  attacks  cane-sugar;  glucaae  which  splits  up 
maIto«e,  and  others  decomposing  other  bioses. 

(3)  Those  which  decompose  glucosides,  giving  rise  to  a 
form  of  sugar  ttjgether  uith  various  aromatic  bodies.  These 
include  evi^ulsin,  mt/rosin,  and  several  others. 

(4)  The  proteolytic  group,  whose  members  decompose 
various  forms  of  inMluble  protei<lH.  Among  them  are  pepsin 
and  trypain,  which  play  so  prominent  a  part  in  aniraal  digestion. 

(5)  The  clotting  enzymes,  which  produce  from  various 
soluble  bodies  jelly-like  substances  which  involve  a  ooagulatiou 
of  the  liquid  in  which  they  are  disisolved.  Included  in  this  group 
are  rennet,  which  coagulates  milk,  thrombose,  which  plays  a  part 
in  the  cosigulation  of  the  blooci,  and  pectaee  which  is  the  leading 
factor  in  the  fortnation  uf  vegetable  jellies. 

(6)  The  enzyme  which  decomposes  oils  or  fata,  which  has 
recently  been  named  lipase. 

(7)  Oxidases,  or  oxidising  enzymes,  which,  as  their  name 
impHes,  assist  in  the  oxidation  of  various  substances.  Among 
them  are  laccaae  and  tyrosinase. 

This  list  is  not  a  complete  one,  for  a  few  other  enzymes 
are  known,  though  they  appear  to  occupy  isolated  positions. 
Among  them  may  be  mentioned  urease,  which  forms  anmionium 
carbonate  trom  urea,  and  the  new  zymase  of  Buchner,  which  is 
the  alcohol -pi-uducing  enzyme. 


CHAPTER   IL 


DIASTASE.      (aMVLASB,  PTFALiy,) 

Op  the  Koluble  fennent«  or  enzymes  diastase  has  been 
longest  known.  It  was  first  observetl  in  1814  by  Kirchhoff  that 
germinating  barley  graias  contain  a  principle  which  when 
extracted  from  them  by  water  Is  capable  of  converting  starch 
into  sugar.  The  power  at  the  time  was  considered  to  be  due 
to  some  property  of  the  gluten  of  the  grain,  and  was  not  put 
down  to  a  separate  constituent  of  the  baHey.  But  little 
notice  was  taken  of  the  discovery  for  some  years,  but  in  1823 
Dubruufaut  repeated  the  observation  and  slightly  extended  it, 
ascertaining  that  the  tmnsfonnatiun  was  most  easily  effected 
at  a  temperature  of  Go"  C,  and  that  the  sugar  produced  wiu 
capable  of  alcoholic  fermentation.  In  18'il  it  was  discovered  by 
Leochs  that  saliva  also  possessed  the  power  of  transforming 
starch  into  sugar. 

These  observations  led  the  way  to  the  work  of  Payeu  and 
Peraoz,  who  were  the  first  to  prepare  diastase  from  the  extracts 
of  germinated  grain.  In  1833  these  observers  steeped  ground 
germinating  barley  for  some  time  iu  water,  and  after  tiltration 
of  the  extract,  precipitated  from  it.  by  the  addition  of  strong 
alcohol,  a  white  tiocculeot  material  which  wheu  dried  and 
redissolved  was  found  to  have  the  power  possessed  by  the 
original  extract.  Payeu  aud  Persoz  extended  their  observations, 
subsequently  di.scovering  the  same  body  iu  oats,  wheat,  maize, 
and  rice  during  the  process  of  germination  and  in  the  tubers 
of  the  potato  while  they  were  in  course  of  growth. 

The  name  diasttise  was  given  by  its  discoverers  to  the 
material  precipitated  by  alcohol. 
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The  observation  of  Leuchs  ia  1831  was  followed  up  in  1845 
by  Mialhe,  who  applied  to  saliva  the  name  treatment  as  that 
adopted  by  Payeu  and  Pcrsoz  in  the  case  of  cxtract-s  of  germin- 
ated grain.  He  added  to  saliva  absolute  alcohol  iu  excess, 
and  thereby  produced  a  precipitate  which  like  the  vegetable 
diastase  was  found  to  possess  a  starch- transforming  power. 

He  named  this  body  mlivary  diabase,  indicating  its  simi- 
larity to,  if  not  identity  with,  the  body  prepared  by  Payen  and 
Persoz.  The  n»me  has  fallen  into  disuse  iu  works  on  physio- 
logy, the  term  ptyalin  having  been  generally  adopte*!  in  its 
place. 

The  power  to  saccharify  starch  was  in  the  same  year  dis- 
covered to  be  present  iu  another  animal  secretion,  that  of  the 
marninaliau  pancreas.  The  discoverers  were  Bouchardat  and 
Sundras,  and  their  work  extended  so  far  as  to  enable  them  to 
claim  that  a  variety  of  diastase  can  be  extracted  from  that 
organ. 

Thus  at  comparatively  early  dates  there  were  established 
three  sources  of  diastase,  two  of  animal  and  one  of  vegetable 
origin.  For  a  long  time  these  were  regarded  as  the  special 
situations  of  the  enzyme.  Within  the  past  three  decades 
however  a  far  more  widespread  distribution  has  been  established 
both  in  the  aninial  and  the  vegetable  organism. 

Dealing  iu  the  Grst  place  with  investigations  carried  on  in 
the  region  of  plant  life,  we  find  the  subject  taken  up  again  in 
1874  by  von  Gorup-Besanez.  who  found  the  euzyme  in  several 
other  varieties  of  germinating  seeds.  He  was  followed  by 
Kosmann  in  1877.  Baranetzky  in  1878,  and  Krauch  in  1879. 
Owing  to  tht'  investigations  of  this  group  of  wurkei-s  the  presence 
of  diastase  was  established  in  the  ordinary  vegetative  members 
of  the  plant  and  iu  other  resting  bodies  besides  seeds.  Thus 
K*isniaiin  and  Krauch  recognized  its  presence  in  the  leaves  and 
shouts  of  the  higher  plants,  und  also  in  certain  algae,  lichens, 
mosses  and  fungi,  white  Barauetzky  found  it  both  in  buds  and 
potato-tubers.  These  extended  observations  led  the  latter 
writer  to  suggest  that  it  is  universally  present  in  vegetable 
cells,  so  loug  as  the  latter  are  living. 

In  1884  a  very  important  research  upon  this  subject  waa 
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carried  out  by  Brasse.  He  used  the  leftvpH  of  the  potato,  dahlia, 
Jerusalem  artichoke)  maize,  beet,  tobacco,  and  castur-oit  plant, 
of  all  of  which  he  made  watery  extracts.  On  the  addition  of 
alcohol  to  these  extracts  a  flocculont  precipitate  fell,  which  he 
collected  and  dried.  On  adding  some  of  this  powder  to  atarch- 
paete  the  latter  became  liquefied  and  converted  into  stigar. 
The  amount  of  sugar  formed  was  then  ascertained  by  ob- 
serving the  weight  of  cuprous  oxide  which  it  formed  when  it 
was  boiled  with  Fehling's  solution. 

Brasse  guarded  his  experiments  from  error  due  to  the 
possible  presence  of  micro-organisms  by  carrying  out  his  diges- 
tious  in  the  presence  of  traces  of  chloroform,  which  prevents 
the  growth  of  such  organisms. 

The  investigations  of  Tnany  writers  during  more  recent 
years  have  gone  far  to  establish  the  truth  of  Baranetzky's 
suggestion,  while  they  have  extended  our  knowledge  of  diastase 
so  far  as  to  show  that  at  least  two  varieties  of  it  exist  in  the 
vegetable  organism. 

The  first  of  these  is  the  more  widespread ;  it  apparently  plays 
the  principal  part  in  the  transport  of  starch  from  place  to  place 
about  the  plant  and  is  most  commonly  met  with  in  the  vegeta- 
tive organs.  The  other  is  -almost  if  not  entirely  confined  to 
germinating  seeds,  particulai'ly  those  of  the  Ommineae,  and  is 
probably  the  body  6rst  prepared  by  Payen  and  Pcrsoz.  These 
two  varieties  have  been  called  for  purposes  of  distlnctioD, 
diastase  of  translocation  and  of  secretion  respectively. 


Diastase  of  translocation. 

This  enz5rme  is  the  more  widely  distributed  of  the  two, 
not  only  occurring  in  the  vegetative  oi^ns  but  being  present 
in  the  seed  during  the  development  of  the  embryo.  Its 
action  can  be  studied  upon  grains  of  starch  in  the  vegetable 
tissues  themselves,  or  it  can  he  extracted  from  the  tissues  by 
water  or  by  glycerine,  and  its  behaviour  tested  by  mixing  such 
an  extract  with  cither  a  thin  starch-paste  or  a  solution  of  soluble 
starch.  In  the  former  case  the  diastasic  solution  gradually 
dissolves   the  starch  grain,  sometimes  from  the  outside  only. 
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aomefcinies  from  the  interior,  but  it  never  gives  rise  to  any  pitting 
or  corrosion,  bo  that  the  shape  and  tmDsperency  of  the  grain 
remain  unaffected  almont  to  the  time  of  its  disappearance.  When 
the  diastase  is  allowed  to  work  upon  a  thin  starch-pabte,  made 
by  mixing  about  1  gramme  of  starch  with  100  cc.  of  boiling 
water,  the  opalescent  litjuid  slowly  becomes  more  and  more 
ciansparent  till  it  is  quite  limpid;  it  then  gradually  undergoes 
almost  complete  conversion  into  sugar.  If  a  true  solution  of 
starch  is  substituted  for  the  starch-paste  the  transformation 
into  sugar  la  much  more  rapid.  The  details  of  the  action  will 
be  discussed  in  a  subsequent  chapter. 

The  action  of  this  form  of  diastase  takes  place  moet 
energetically  at  a  temperature  of  45*" — 50*0. 

Diastase  of  translocatiun  has  been  described  as  oc- 
curring in  leaves,  shoots,  and  certain  reserve- organs.  In  1889 
it  was  found  by  Kjeldahl  to  be  present  in  tho  ungerminated 
grains  of  barley,  a  discovery  cooBrmcd  by  Brown  and  Morris 
the  next  year.  Kjeldahl  showed  that  while  the  extract  of 
ungerminated  barley  was  able  to  convert  solutions  of  soluble 
starch  rapidly  into  sugar  its  activity  on  thin  starch-paste  was 
but  slight  Brown  and  Morris  studied  the  formation  and 
distribution  of  tho  enzyme  during  the  process  of  ripening  or 
maturation  of  the  bai-lcy  grain.  The  chief  place  of  its  occur- 
rence is  the  bulk  of  the  endosperm,  in  which  it  may  be  found 
during  its  doveiopment.  It  is  always  most  plentiful  in  the  piut 
of  the  t-ndosperm  which  is  nearest  the  young  embryo,  and  it  ap- 
I>eara  to  prepare  the  material  for  the  nutrition  of  the  latter  as  it 
increases  in  size.  It  thus  appears  in  the  barley  grain  at  a  much 
earlier  period  thau  the  uther  variety  of  diastase,  to  be  described 
later,  which  is  only  found  after  maturation  and  indeed  at  the 
commencement  of  germination.  The  translocation -diastase 
makes  its  appearance  at  a  very  early  period  in  the  development 
of  the  endosperm,  ami  gnidually  increases  until  that  develop- 
ment is  completed  but  the  gi-ain  not  ripened.  Brown  and 
Morris  estimated  carefully  the  amoutits  of  diastase  present  in 
baricy  grains  at  three  stages  of  their  formation  ;— (i)  when  the 
endosperm  was  half  developed ;  (ii)  when  the  development  had 
reached   two-thirds  of  its   total   amount;    (iu)  when   it   was 
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complete.  The  arnounL  of  the  diuutasc  wils  tiKCertaincd  by 
finding  what  amount  of  soluble  starch  could  be  couvertetl  into 
sugar  by  the  ground-up  substance  of  the  same  number  of  barley 
grains  acting  for  the  same  time  and  uuder  the  stime  condition». 
The  relative  quantities  were  found  to  be  in  the  proportion  of 
4'4  :  7H  :  97,  showing  that  as  the  embr}'o  grows  the  ((Uftntity 
of  diastase  found  in  its  vicinity  increageu  pari  pcusu  with  the 
grtiwth,  cimtirming  the  idt-a  that  tht;  t^nzynio  makes  its  appear- 
ance with  a  view  to  the  formation  and  nutrition  of  the  embrj'o. 

Not  only  does  this  variety  of  diastase  appear  in  the  seed 
out&ide  the  embryo,  but  when  the  latter  begins  to  grow  during 
germination  the  same  diastase  is  found  to  be  developed  in  its 
celU,  not  so  much  in  the  cotyledon  as  in  the  plumule  and 
radicle,  the  parts  namely  in  which  growth  is  most  vigorous. 
Even  at  this  early  stage  Baranetzky's  idea  of  diastase  as  a 
necessary'  constituent  of  every  vegetable  cell  seems  to  be 
confirmed.  The  function  of  this  amount  of  diastase  is  not 
connected  with  the  absorption  of  sugai-  from  the  endospenn  of 
the  parent  but  with  translocations  in  the  body  of  the  embryo 
itself. 

The  diaatase  of  leaves  and  shoots  has  much  in  commou  with 
that  of  uiigerminatcd  gmin  and  appeals  to  be  the  same  variety. 
The  disappearance  of  starch  fn>m  the  leaves  of  plants  during 
the  hours  i>f  dnrkiiHss,  ufti^r  its  formation  aud  deposition  in  the 
chlori>pla*tids  during  suulight,  has  always  been  associated  with 
the  presence  of  the  enzyme,  though  no  detaileil  inve-stigjition.s 
int<i  tht*  conditions  of  the  disappearance  were  made  till  recently. 
In  1890  the  existence  of  diiiistase  in  foliage  leaves  was  contro- 
verted by  Wortmarm,  who,  in  conset|uencc  of  failure  t<i  extract 
it  iu  many  cases,  asserted  that  the  converaion  of  this  starch 
into  sugar  was  effected  by  the  inmiediate  action  of  the  proto- 
plasm of  the  living  cell  itself,  and  not  by  the  agency  of  an 
enzyme.  This  statement  led  to  the  reinvestigation  of  the 
subject  of  the  starch -transformations  in  leaves  by  Vines  and  by 
Browu  and  Morris,  with  the  result  of  fully  establishing  the 
accuracy  of  the  observatious  of  Brasse  and  other  earlier  writers. 
At  about  the  same  time  an  elaborate  paper  by  Krabbe  was 
published  which  showed  that  the  visible  mode  of  dissolution  of 
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the  titarch-granule  within  the  cell  corresponds  to  that  obseneii 
when  it  is  treated  wth  diastase  outside  the  plant. 

Vines  carried  on  his  work  largely  with  the  leaves  of  graaaes, 
which  he  extracted  with  wat#r.  Some  of  his  extracts  were 
filtered,  and  others  used  while  still  turbid.  The  latter  were 
found  to  be  more  active  than  the  former,  a  fiact  which  suggests 
that  Wortmann  lost  a  good  deal  of  the  diastase  contained  in 
the  leaf  by  the  operation  of  filti-atiou.  the  enzyme  for  some 
reason  not  having  fully  passed  into  solution.  Vines  was  able 
to  prepare  a  solution  of  diastase  from  the  grass  leaves  which 
exhibited  a  fair  degree  of  actinty.  He  suggests  that  though 
the  amount  of  enzjine  at  any  given  moment  may  be  small, 
there  is  a  constant  secretion  or  formation  of  it.  so  that  the  total 
amount  produced  is  sufficient  to  cause  the  conversion  of  all  the 
starch  Iranslocnted  during  the  night. 

The  work  of  Brown  aud  Mon*is  appeared  in  1893  and  is  the 
fultci^t  and  most  detailed  that  has  at  present  been  carried  out 
on  the  diastase  of  foliage  leaves. 

At  the  outset  of  their  investigations  they  were  able  to 
ex])lain  the  apparent  absence  of  diastase  from  many  leaves  which 
was  sup]>0!4ed  to  be  indicated  by  the  very  small  diastasic  power 
of  filtered  extracts.  They  dried  leaves  of  various  plants  in  air 
at  a  temperature  of  40"  to  XO"  0.  and  reduced  them  to  a  fine 
powder.  An  extract  of  1 0  grammes  of  such  powder,  the  leaf  of 
IleiiatUhm  tuhet^osus  being  used  in  the  experiment  quoted,  was 
made  by  steeping  it  for  some  time  in  water  to  which  a  trace  of 
chloroform  was  added.  Finally  the  extract  was  filterwl.  Two 
digestions  of  solutions  of  soluble  stai-ch  were  then  carried  out, 
the  extract  described  being  used  in  one  of  them,  while  10 
gramnics  of  unextnicted  powdered  leaves  were  employed  in  the 
other.  The  relative  diastasic  activity  in  the  two  cases  was 
found  to  be  in  the  pi-oportion  of  7  :  I  in  fovour  of  the  powdered 
leaves,  the  estimation  being  made  by  observation  of  the  cupric- 
rcducing  power  of  the  products  of  the  digestions. 

The  authors  advance  two  reasons  to  explain  the  difference, 
the  first  being  the  great  resistance  which  protoplasm  often 
offers  to  the  separation  of  the  enzyme,  and  the  second  the  action 
of  the  tannin  so  fi-equently  present  in  leaves,  which  renders 
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it  unjK)6s!ble  in  many  cases  to  extract  the  enzyme  from  the 
cells. 

Brown  and  UoiTts  Lnvcsti^ted  the  leaves  of  34  species  of 
pljuits  belonging  to  a  great  many  diflfeient  Nftlural  Ordenj  and 
found  that  all  contained  a  measurable  amotirt,  though  the 
quantities  differed  very  considerably.  The  Leguminoaaj  were 
especially  rich,  the  common  Pea  {Pieum  Hiitivuvi)  being  ex- 
tremely  conspicuous  among  them ;  its  diastasic  activity  was 
nearly  one-half  that  of  malt. 

Though  exact  quantitative  determinations  of  the  enzyme  were 
hardly  if  at  all  possible,  comparative  e^itimations  were  found 
easy  to  make.  The  method  of  measuring  the  amount  of  starch 
conversion  which  an  extract  is  capable  of  carrying  out  under 
certain  standaxd  conditions  and  in  unit  time  has  been  shown 
by  Kjoldahl  to  yield  accurate  results,  and  from  it  he  formulated 
a  "  law  of  proporti Quality "  which  may  be  expressed  thus' ; 
"providing  a  starch-transformation  is  not  allowed  to  fall  below 
a  cupric- reducing  puwyr  of  /c  25  to  30  for  the  mixed  products  of 
hydrolysis,  then  under  identical  conditions  of  time,  temperature, 
and  concentration,  the  cupric-reducing  power  is  proportional  to 
the  amount  of  diastase  origiually  prejfent"^ 

Brown  and  Morris  further  .showed  not  only  that  diastase  is 
present  in  foliage  leaves,  but  that  it  is  possible  to  prove  that  its 
amount  varies  considerably  from  time  to  time,  under  differences 
in  their  environment  This  point  will  be  referred  to  more 
fully  in  a  subsequent  chapter,  but  for  the  present  it  will 
suffice  to  say  that  there  is  a  considerable  formation  during 
darkness  and  a  conspicuous  diminution  during  bright  sunshine. 

The  work  of  Brown  and  Morris  receives  material  support 
from  some  investigations  published  in  the  same  year  by 
St  Jentys.  He  has  found  that  the  diastase  is  formed  only  in 
small  quantities  as  it  is  required.  When  an  aqueous  extract  of 
leaves  is  prepared,  it  usually  containft  taimin,  which  causes  the 
precipitation  of  the  starch.    The  latter  is  only  acted  on  with 

■  Brown  unil  UorriB,  "On  the  Chemistry  and  PfayiuoIogT'  of  Folikge 
LoBTu,"  Journ.  CHtm.  Soe.  Trans.  1803,  p.  637. 

'  c  rApreaents  th«  apparent  percentage  amount  of  dextrotie  which  a  aubstanoe 
cnntains  u  dtflenniniid  hj  it«  cupric  redaction.  Thoi  «  25  me&as  that  the 
redocing  power  of  the  Bubstauoe  U  DDfi>iia&rter  that  of  deitroee. 
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i1i6FicuIty  nnder  such  oonditions.  Moreover  the  tannin  pre- 
cipitates tbc  diastase  itself. 

Besides  occurriug  in  the  actively  vegetative  part&  of  the 
plant  thifl  form  of  diastase  is  found  also  in  the  reservoirs  of 
starchy  tnaterial,  and  i»  particularly  conspicuous  there  at  the 
time  when  a  call  is  made  upon  the  reserve  supply,  as  happ4*iis 
for  instance  when  gr<twth  recoraniences. 

An  investigation  of  the  potato  by  Prunet  has  brought  to 
light  several  very  interesting  facts  connected  with  the  formation 
and  distribution  of  thiif  variety  of  the  enzyme  in  the  tissue  uf 
the  tuber.  On  the  onset  of  the  germination  of  that  organ  it  is 
possible  to  notice  that  the  buds  near  its  apex  develop  more 
rapidly  than  those  situated  lower  down.  Pninet  separated  the 
different  regions  uf  the  spruuting  potato,  and  made  watery 
extracts  of  each.  He  ascertained  the  diastasic  powers  of  the 
several  extracts  thus  prepared  by  precipitating  the  enzyme  with 
excess  of  alcohol,  filtering,  and  dissolving  the  precipitate,  and 
then  allowing  it  to  act  upon  thin  starch-paste.  His  results  are 
comparativo  merely  and  perhaps  only  approximately  accurate, 
ae  he  u»ed  for  an  indication  of  the  progress  of  the  digestion 
simply  the  colour  obtained  by  the  addition  of  iodine.  Aa  the 
starch  in  such  a  digestion  disappears,  this  colour,  which  is  at 
first  blue,  changes  in  the  direction  of  purple,  then  becomes  red. 
and  finally  is  not  developed.  The  raothod  is  nut  so  accurate  as 
the  measurement  of  the  sugar  produced,  but  it  yields  reliable 
comparative  results.  He  found  that  while  diastase  is  present 
in  all  pai-ts  of  the  tuber  during  the  progress  of  its  germination 
it  ia  in  greatest  amount  near  the  points  where  active  growth  is 
proceeding.  The  commencement  of  the  gro\vth  of  the  young 
shoots  is  aocompaniiHl  by  a  production  of  the  enzyme  in  their 
immediate  neighbourhood,  and  as  the}'  become  longer  the 
fonnation  of  the  diastase  cjin  be  traced  fiirth<!r  and  further 
back.  Prnnet  estimated  at  the  same  time  the  sugar  existing 
in  the  same  regions  of  the  potato  and  found  a  correspondence 
between  the  amount  of  the  two  bodies. 

In  1S93  the  writer  carried  out  a  series  of  investigations  on 
the  processes  of  germination  of  the  pollen  grains  of  various 
plants,  in  the  course  of  which  the  presence  of  this  form  of 
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diastase  was  recognized  id  those  of  several  species.  Starch  was 
fouDd  to  be  piv^ent  in  innnj  of  the  poUcnH  examined  and  to 
oocar  also  \n  the  tissues  of  the  styles  down  which  the  tubes 
penetrate  in  the  process  of  the  germiuation  of  the  pollen  grain. 
The  diastase  was  hxtkcd  for  by  similar  methods  to  those  already 
dwcribed  and  was  found  in  moat  cases. 

The  same  enzyme  was  discovered  in  the  tissue  of  the  style 
io  some  of  the  Howers  examined. 

The  (quantity  of  diastase  which  can  be  extracted  from  pollen 
varies  considerably  from  time  to  time.  At  the  onset  of  genui- 
nation  of  the  grain  it  is  usually  considerably  iocreased,  and  it 
appeiu^  to  accompany  the  tube  as  the  latter  elongates,  which 
suggests  a  fonuation  not  only  iii  the  grain  but  in  its  tube  also. 
As  the  pollen  loses  its  power  of  germination  with  the  increase 
of  age,  it  loses  at  the  same  tune  the  diastase  which  it  containa 
Thus,  as  ill  the  potato,  it  is  |)ussible  to  trace  clearly  the  in- 
fluence which  the  enzyme  exerts  nn  the  proce&s  of  germination. 

The  statement  of  Kosmarju  that  diastase  can  be  cxtraeted 
ftxim  fungi  was  for  a  long  time  unsupported.  It  seems  some- 
what unlikely  at  first  sight  that  it  should  occur  there,  as  these 
pUnte  do  not  contain  starch.  It  has  however  been  shown  that 
glycogen  is  very  frequently  to  be  met  with  in  them,  and  as 
glycogen  resembles  starch  so  \cvy  closely  this  a  priori  difficulty 
disappears. 

In  1883  some  investigations  were  made  by  Duclaux  int<j  the 
behaviour  of  Asjyergilluf!  niger  under  different  conditions,  and 
he  ascertained  that  this  fungus  has  the  power  of  saccharifying 
starch  solutions  in  the  same  way  ns  gonninated  barley.  More 
extended  observations  were  canied  out  by  Bour({uelot  ten  years 
later,  and  the  latter  botanist  was  successful  in  proving  that 
difiAtase  can  be  extracted  from  a  culture  of  the  fungus  at  the 
time  when  it  is  iu  full  fructification.  The  estimation  of  the 
amount  is  difficult  if  not  impossible,  for  as  we  shall  see  later 
Aspergillus  niger  contains  other  enzymes^  one  of  which  acts 
upon  the  sugar  to  which  the  starch  givee  rise,  decomposing  it 
during  the  progress  of  the  experiment. 

In  1895  Bourquclot  and  H^rissey  demonstrated  the  presence 
uf  the  same  diastase  iu  the  tissue  of  Poti/poni/t  sulphureM.    It 
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exiats  in  this  fungus,  as  it  does  in  Aapergillus^  side  by  side  with 
other  enzymes,  but  can  readily  be  extracted  by  expressing  the 
juice  of  the  Urge  thallus  and  precipitating  it  with  twice  its 
volume  of  95  "(^  alcohol.  The  diostasic  power  can  be  dcmou- 
strated  by  using  the  juice  without  this  treatment. 

According  to  De  Bury,  diastase  can  be  extracted  from  the 
Plasmodium  of  Aethalium,  a  Myxomycetc,  and  Stone  states  that 
it  is  present  in  Taka,  a  preparation  of  EtirUium  oryzae, 

Morris  and  Welts  have  shown  that  diastase  can  also  be 
extracted  from  yeast  cells,  and  many  observers,  especially 
Lauder  Bruuton  and  MucFadyea,  and  Wortmann,  have  found 
it  to  be  excreted  by  bacteria.  Its  presence  in  these  organisms 
seems  not  to  be  constant,  but  to  depend  upon  the  medium  in 
which  they  arc  cultivatod. 

Hansen  has  detectt-d  diiistaso  in  the  latex  of  Fkua  elastica, 
Carica  pttpaya,  and  Papaver  sovtmferuvi.  It  can  be  separated 
from  the  latex  by  precipitation  with  alcohol. 

The  existence  of  diastase  in  tissues  containing  starch  ur 
glycogen  is  not  tiurprising  when  we  I'eganI  its  importance  in 
the  digestion  of  these  carbohydrates.  It  ocx?urs,  however,  in 
other  tissues  in  which  they  are  very  rarely  present,  if  at  all. 
In  the  case  of  the  sugar  beet,  in  which  the  reserve  materials 
take  chieBy  the  form  of  cauu-ijugar,  Gouuermauu  states  that  he 
prepared  from  crushed  genninating  roots  an  enzj'me  which 
'digested  starch-paste  and  amyloduxlrin.  Barauetzky  detected 
'liasUkse  also  in  the  carrot  and  the  turnip. 

Diantase  of  secretion. 

This  variety  of  diastase  is  esptjcially  connected  with  the 
process  of  germination  and  can  be  most  favoui-ably  studied  in 
the  grains  of  grtwsos.  If  the  progress  of  the  development  of  the 
embryo  in  the  germinating  seed  is  studied  with  the  aid  of 
the  microscope,  changes  in  the  starch-containing  cells  of  the 
endosperm  can  be  obsen'ed  at  a  time  when  the  primary  radicle 
has  attained  a  length  of  about  2  mm.  The  walls  of  the  cells 
become  broken  down,  and  the  starch  gi-ains  at  this  period  b*;gin 
to  undergo  a  process  of  dissolution  which  is  eutij'cly  different 
from  that  which  can  be  observed  in  other  regions  of  the  plant. 
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Instead  of  gradually  dissolving  without  alteration  of  their 
shape,  they  show  small  indentatioriH  or  pittings  ou  their 
surfaces.  These  gnidually  become  deeper  and  wider,  and  the 
grain  is  BO<Ht  broken  up  into  irregular  pieces,  while  the 
separate  laminae  tend  to  split  off  fiom  each  other.  This  process 
of  erosion  is  fullowed  later  by  tht-  gradual  disappearance  of  the 
several  portions  of  the  grain. 

The  forraaticjn  ami  behaviour  of  the  diastase  which  is  the 
instrument  in  effecting  this  change  ha»  been  studied  especially 
by  Brown  and  Morris  and  by  Haberlaudt,  who  carried  out  their 
work  chiefly  on  different  cei-eals,  principally  barley  and  rye. 
They  agree  in  attributing  its  origin  to  a  tnio  process  of  secretion 
carried  out  by  the  embryo,  which  thus  prepares  the  way  for  its 
own  nutrition,  pouring  enzymes,  of  which  diastase  is  one,  into 
the  tissue  of  the  endosperm  by  the  sido  of  which  the  embryo 
rests. 

The  embrj-Q  in  the  grasses  lies  at  one  end  of  the  grain  anil 
the  portion  of  it  which  \»  in  contact  with  the  tissue  of  the 
endosperm  is  the  so-called  scuteUum,  a  mass  of  pRrenchymatoua 
tissue  whose  morphological  nature  has  been  much  disputed, 
but  which  is  probably  a  specially  differentia te<l  portiou  of  the 
cotyledon.  Over  the  surface  of  the  scutellum,  abutting  on  the 
cells  of  the  endospenn,  there  is  a  well-marked  external  layer  or 
epithelium.  This  is  composed  of  closely  set  columnar  cells, 
about  three  times  as  long  as  they  are  broad,  which  ai-e  arranged 
with  their  long  axes  at  right  angles  to  the  surface.  The 
cell-walls  are  delicate  and  thin,  and  made  of  unchanged  cellulose. 
Each  cell  contains  a  finely  graniilar  protoplasm  and  u  fairly 
large  nucleus.  Prior  to  the  researches  of  Brown  and.  Morris 
the  functions  of  this  epithelium  were  thought  to  he  confined  to 
the  absorption  of  digested  reserve- materia  Is,  passing  from  the 
endospenn  to  the  embryo.  These  observers  have  shown  that 
they  are  also  the  seat  of  the  formation  of  one,  if  not  two 
enzymes,  the  first  of  which  is  the  diastase  under  consideration, 
I  .and  the  other  is  an  agent  in  the  preliminary  destruction  of  the 
i-walK  A  few  hours  after  placing  the  grains  of  barley  under 
conditions  favourable  for  germination  a  marked  change  takes 
place  in  the  contents  of  the  cella     The  protoplasm  becomes 
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visibly  coarser  in  structure  and  the  granules  increase  in  -sizt- 
and  number,  becoming  so  prominent  in  the  cell  that  the  nucleus 
is  almost  hidden.  These  changes  are  complete  in  about  1 — 2 
days,  and  the  conditiou  of  the  cells  remains  thenceforward 
unaltere<l  as  long  as  germinatiou  proceeds.  The  tissue  of  the 
endosperm  above  the  scutellutn  beoomee  depleted  of  its  starch, 
while  the  coarse  granularity  of  the  ejntheliam  persists,  aud  the 
tissues  of  the  embryo  itself,  particularly  the  cells  of  the  scutellum, 
become  more  and  more  charged  with  newly  formed  atonih 
graina  Wheu  the  reserve  store  of  starch  in  the  endosperm 
has  been  thus  aboorbed,  the  epithelial  cells  again  change  in 
appearance,  losiug  their  granularity  and  becoming  transparent 
as  at  first.  There  is,  however,  an  imimrtant  difference  between 
their  first  and  their  final  coudition,  as  in  the  latter  the  nucleus 
is  DO  longer  to  be  found,  indicating  that  the  cells  have  finished 
their  work  and  arc  on  the  way  to  disintegration.  The  prooew* 
of  germination  thus  shows  that  as  it  commences,  active 
metabolism  goes  on  in  the  epithelium,  synchronous  with  the 
dissolution  of  the  cell-walls  and  the  transformation  of  starch;  ib 
continues  as  long  as  starch  is  being  digested,  and  ceases  wheu 
that  prooeas  is  over.  The  obvious  conclusion  to  be  drawn  from 
the  observations  is  that  these  metabolic  changen  are  concerned 
in  the  elaboratiou  of  the  secretion,  which  causes  the  disap- 
pearance  of  the  reserves  of  cellaloee  and  starch ;  that  is,  that 
the  epithelium  is  primarily  a  glandular  structurcL 

That  this  ci>nclusiou  is  not  merely  hyp<»thoticrtl  has  been 
deuunistnit^KJ  by  careful  cxperimentfi,  carried  out  by  Bruwn  and 
Morris,  upon  the  artificial  nutrition  of  barley  embrj-os  removed 
from  germinating  gnvios.  Such  embrviw  were  carefully  dis- 
sected out  and  their  scutellar  surfaces  freed  from  adhering 
matter  by  careful  stroking  by  means  of  a  fine  camel-hair  pencil 
moistencil  with  ililute  sugar  solutioiL  They  were  then  placed 
upon  a  thin  la^'cr  uf  mui»t  lMLrl<*y  starch,  so  that  their  scutella 
rested  in  contact  with  the  latter.  Within  a  wry  short  time 
tntnsitoiy  starch  grains  could  be  dotect<Hl  in  the  parenchyma  of 
the  scutella.  and  niicnwcopio  vxamiuatiuu  of  the  starch  grains 
ui  contact  with  the  surface  of  the  epithelium  showed  them 
to  be  corroded  and  tn  process  of  disintegration.     In  farther 
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experiments  the  excised  embryos  were  pai-tially  embedded  in 
a  "5  per  cent,  gelatin  Roluiiun  in  which  smalt  quantities  uf 
barley  starch  had  been  suspended.  The  embedding  was  carried 
out  just  as  the  gelatin  solution  was  on  the  point  of  solidifying,  so 
that  the  curved  surface  of  each  scutcllnm  was  in  cloi^e  contact 
with  the  cultivation  medium.  After  a  short  time  small  pieces 
of  the  gelatin  cut  out  from  the  mass  just  below  the  growing 
embryo  showed  the  starch  grains  affected  as  before.  Besides 
barley  starch,  the  diastase  that  passed  out  into  the  gelatin  was 
found  to  be  capable  of  corroding  and  dissolving  the  starches  of 
wheat,  rice,  and  maize,  but  to  have  no  evident  action  on  those 
of  the  potato  aud  kiduey-bean. 

Further  proof  of  the  connection  between  the  secretion  of 
the  diastase  and  the  epithelium  cells  was  afforded  by  parah'sing 
the  latter  by  exposing  them  to  chloroform  vapour.  After  such 
treattncDt  they  had  no  action  on  the  starch. 

Freshly  dissected  embryos  of  resting  barley  were  sub- 
sequently rubbed  down  \u  a  mortar  with  a  little  chloritforui 
water  and  allowed  to  stand  for  24  hours.  The  extract  was 
then  filtered  aud  added  to  on  equal  volume  of  a  2'5V„  solution 
of  soluble  starch  and  digested  for  an  hour  at  a  temperature  of 
30°  C.  It  was  found  to  have  no  diostasic  octiou.  At  the  same 
time  .some  more  embryos  exci.sed  from  grains  of  the  same 
sample  of  barley  were  cultivated  for  four  days  upon  appropiiate 
culture  media.  They  were  then  treated  exactly  as  the  first  ones 
aud  the  extract  was  found  to  have  under  similar  couditions 
considerable  power  of  converting  the  starch  into  sugar.  By 
both  microscopical  and  chemical  methods  Brown  and  Morris 
therefore  showed  th^  fommiion  uf  dio-stAse  to  take  place  during 
germination,  anl  further,  that  when  formed  it  slowly  diS\ised 
out  of  the  epithelium. 

These  observers  advanced  further  proof  of  the  formation  of 
the  diastase  by  the  epithelium  by  carefully  removing  the  latter 
from  the  rest  of  the  scut*llum  by  gentle  scraping.  They  found 
that  scutella  so  denuded  of  their  covering  were  capable  uf 
Absorbing  soluble  carbohydrates  if  placed  upon  them,  but  they 
had  lost  their  power  of  corroding  starch  grains.  Extremely 
thin  sections  of  the  epithelium,  taken  in  a  plane  tangential  to 
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the  surface  of  the  Hcutellum,  and  plaoed  upon  the  mijEture  of 
gelatin  and  starch,  exercised  a  corrosive  and  solvent  action  on 
the  starch  grains. 

This  secretory  action  of  the  epithelium  is  only  manifested 
by  grains  in  the  process  of  germination.  The  power  of  forming 
tlinstasc  seems  only  to  be  ac<iuirctl  wheu  the  barley  is  quite 
ripe.  Barley  taken  fresh  from  immature  ears  shows  the  gradual 
u(X{uirement  of  the  structures  of  the  grain  as  already  described, 
but  the  scutetla  of  such  unripe  grains  have  no  action  on  starch. 
The  diastase  which  we  have  already  seen  to  be  present  in 
ungcrminatcd  grain  is  located  in  the  body  of  the  grain  itself 
and.  not  in  the  scutcllum.  Moreover  by  its  general  behaviour 
it  is  provc<l  to  be  of  the  tnmslocatioii  vaiiety. 

The  increase  in  the  amount  *j^  secretion  diastase  during  t\iv 
progress  of  germination  is  very  marked.  Comparing  embryos 
after  four  days'  germination  with  »)thera  taken  three  days  later, 
the  diastosic  activities  of  the  two  were  found  by  Brown  and 
Morris  to  be  as  16  :  66.  Petit  says  that  no  diastase  is  found 
before  the  fourth  day  of  geiinination. 

Uabcrlandt  has  put  forward  the  view  that  the  diastase  of 
secretion  is  not  elaborated  only  by  the  sciitellum  but  that  the 
so-called  aleurone-layer  of  the  endosperm  is  also  concerned  in 
its  production.  This  layer  ia  three  or  fuur  rows  of  cells  in 
deptb,  and  the  constituent  cells  have  thick  and  somewhat 
cuticularised  walls.  It  is  situated  in  the  peripheral  portion  of 
the  grain,  just  underlying  the  wall,  which  is  composed  of  the 
fused  pericarp  and  seed-coat  The  content*!  of  the  cells  are 
chiefly  aleurone  grains  with  a  little  oil.  embedded  in  the 
protoplasm.  Each  cell  contains  a  well-defined  nucleus.  The 
aleurone- layer  covers  the  whole  of  the  endosijenn  but  becomes 
much  less  conspicuous  in  the  neighbourhood  of  the  embryo, 
where  it  is  reduced  to  a  single  layer  of  cells. 

Habeilandt's  cxperinionts  were  carried  out  upon  rye,  from 
which  he  thinks  histological  and  chemical  evidence  is  forth- 
coming to  prove  that  in  gt'rmination  secretion  of  dtasta»e  takes 
place  in  these  nells  as  well  as  in  those  of  the  scutellum.  He 
b-tates  that  during  gemiiuatiou  corrosion  of  the  stareh  grains 
first  appears  between  the  soutellura  and  the  aleurone-layer  on 
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the  sides  of  the  rye  grain,  and  that  as  the  process  goes  on 
diastasic  action  upon  the  starch  takes  place  earlier  in  the  cells 
underlying  the  aleurone-layer  than  in  those  of  the  centra) 
portion  of  the  endosperm.  The  cells  of  the  aleuronc- layer 
assume  the  peculiar  granular  appearance  of  secreting  cells,  and 
project  in  papilla  fashion  intu  the  interior  of  the  endosperm. 
He  removed  pieces  of  the  integument,  which  included  the 
aleu rone- layer,  from  rye  gniins  which  had  germinated  to  such  a 
point  that  the  connecting  tissue  between  the  latter  and  the 
endosperm  had  been  broken  down,  leaving  the  aletimne-laycr  in 
close  connection  with  the  seed-cnat  and  pericarp.  Ht  then 
washed  them  with  a  brush  wette<l  with  a  weak  sugar  solution, 
and  placed  them  on  moist  Hltor-paper  with  the  aleurone- layer 
upwarda  Upon  such  preparations  a  su^all  quantity  of  starch 
suspended  in  wat<:r  was  then  carefully  placed,  and  the  whole 
kept  at  a  temperature  of  18 — 20  C.  Corrt»siou  of  the  starch 
grains  took  place  within  24  houiu 

Like  the  cells  of  the  epitheliinn  of  the  scutelliim,  those  ot 
the  aleii roue* lay eo*  exhibited  uo  power  of  corrodiiig  alarch  until 
the  onset  of  germination. 

In  their  paper  published  in  1890  Brown  and  Morris  opposed 
the  views  of  Haberlandt,  and  maintained  the  opinion  that  the 
aleu  rone-layer  does  not  play  the  part  he  suggested.  In  a  more 
recent  investigation  carried  on  during  1897  Brown  and  Elscombe 
made  a  very  exhaustive  series  of  experiments  upon  this  point, 
and  after  carefully  eliminating  the  influence  of  the  action 
of  micro-organisms  and  of  the  possible  presence  of  translocation 
diastase  in  the  starch -containing  cells,  they  came  to  the  con- 
clusion that  this  layer  doe«  possess  a  secretory  fiinction,  and 
that  it  forms  a  certain  amobut  of  diastase,  but  from  the  mode 
of  its  action  on  starch  grains  they  considered  the  latter  to  be 
the  translocation  variety  of  this  enz^Tne.  The  pitting  and 
erosion  of  the  grains  of  starch,  so  chaiacteristic  of  the  action  of 
scutollar  diastase,  were  not  seen,  but  the  process  was  one  of 
more  regular  solution,  accompanied  in  some  cases  by  the 
splitting  of  the  granule  without  previous  pitting. 

The  aleu  rone-layer  according  to  these  observers  is  the  chief 
seat  of  the  fonnatiou  of  another  enz^'me,  ct/tase,  which  dissolves 
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the  cell-wulls,  tind  which  will  be  treated  of  in  a  subsequejit 
chapter.  Like  the  »cutellar  epithelium  therefore  it  aecretea  two 
enzyme*,  cyta.se  and  diastase.  Comparing  the  two  regions  it 
appears  that  cytase  is  must  prominent  in  the  secretion  of  the 
aleu roue* layer,  diastase  in  that  of  the  licutcUum. 

The  results  of  Haberlandt,  Brown  and  Morris,  and  Brown 
and  Escombe,  have  been  confirmed  by  the  iovestigations  of 
other  wiiters,  especially  GrUss,  Hansteen,  and  Puriewitsch. 
Griiss  holds  further  that  the  depletion  of  the  starch -containing 
cells  below  the  oleu rone-layer  is  partly  due  to  residual  diastase 
existing  in  them. 

The  diflfcrenccfi  between  the  two  varieties  of  vegetable 
fliastase  have  been  studied  by  Lintner  and  Eckhardt,  who  hiive 
compared  them  as  they  exist  in  raw  and  iu  germinated  barley. 
In  theii'  experimentn  they  prejiared  the  diastase  of  secretion 
from  extract  of  nialt,  of  which  it  is  the  chai-acteristic  cnzyrae. 
They  made  extracts  of  inalt  and  of  barley  of  such  strengths 
that  both  solutions  had  equal  power  of  converting  starch  into 
sugar  and  were  therefore  comparable  in  the  other  peculiarities 
of  their  action.  Causing  such  extracts  to  act  upon  solutions  of 
soluble  starch  at  several  different  temperatures,  they  were  able 
to  construct  a  curve  for  each  which  showed  how  different 
temperatures  modi6ed  their  behaviour.  The  cui*ves  were  drawn 
80  that  their  abscissa;  represented  the  temperature^*,  and  they 
erected  on  the  absciss®  ordinates  propoi-tional  to  the  cupric- 
oxide-reducing  power  which  was  found  to  be  possessed  by  the 
solution  at  the  end  of  the  experiment.  The  two  sets  of  curves 
differed  raaterially.  Malt  diastase  showed  itself  to  possess  an 
optimum  point,  or  point  of  greatest  activity,  at  50° — 55*  C; 
barley  diast^use,  which  is  the  translocation  variety,  wa£>  most 
powerful  at  45° — 50"  C,  an  average  of  about  5"  C.  lower.  At 
a  temperature  of  35^0.  they  were  equally  active;  the  barley 
diastase  at  4'  C.  had  as  much  power  of  starch  couversion  as  the 
malt  diast'fise  had  at  14'o^  C. 

Kjeldahl  also  has  published  some  comparative  experiments 
upon  the  two  varieties.  He  confirms  Lintner's  results  as  to 
the  optimum  point  of  the  activity  of  secretion-diastase,  but 
makes  the  point  at  which  it  is  destroyed  by  heat  a  little  higher. 
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The  two  vegetable  diastASea  raay  be  thus  compared : — 

(1)  Translocation  dio^taHe.  This  dissolves  starch  grains 
without  corrosion;  has  a  very  slow  action  on  starch-paste, 
ihuugfa  it  readil}'  converts  soluble  starch  into  sugar;  works 
best  at  a  temperature  of  45" — 50"  C;  is  much  moro  active  at 
a  low  temperature  than  secretion  diastase. 

(2)  Diastase  of  secretion.  This  corrodes  starch  grains  and 
disiiitesjrates  them  before  solution;  mpidly  liquefies  starch-posto; 
works  most  advaiiUvgeously  at  a  temperature  of  50° — 55*  0. 
It  will  withstand  heating  to  70°  C.  without  destruction. 

Diastaae  is  secretod  by  some  of  the  lowliest  plants  as  well 
f  those  of  higher  organisation.  In  the  latter  the  presence  of 
the  first  variety  is  connected  with  the  transformation  of  starch 
with  a  view  to  the  transport  of  the  latter  from  one  part  of  the 
plant  to  another,  and  the  enzyme  always  remains  within  the 
cells.  Secretion  diastase  on  the  other  hand  is  forincd  by  a 
special  glandular  tissue,  and  is  excreted  from  this  tissue  into 
a  region  where  it  may  prepare  nutritive  substances  to  be 
subsequently  absorbed  by  the  cells  which  in  the  first  phice 
prepared  the  enzyme.  The  barley  embryo  in  fact  digests  and 
nbsorlis  ihe  endosperm  on  which  it  grows  ]>ai-asitically. 

When  we  pass  from  the  higher  to  the  lower  forms  we  can 
recognize  similar  behaviour  on  their  jMirt.  Diastase  has  been 
observed  to  occur  in  several  bacteria,  from  some  of  which  it  is 
possible  to  extract  it.  These  orgauis^ms  do  not  uaifomdy 
contain  it,  nor  is  it  present  at  all  times  in  those  which  do 
secrete  it. 

Landor  Hnmton  and  MacFadycn  isolated  it  froui  Klein's 
scm-f-bacillus  and  the  Welford  bacillus,  but  these  microbes  only 
secreted  it  when  cultivated  npon  starch-paste.  If  the  cultiva- 
tion-medium was  a  meat  extract,  no  diastase  was  produced. 
VVortmanu  showed  in  1S82  that  c*:>rtaiu  bacteria  exert  diastasic 
powers  on  starch  through  excreting  an  enz}'me  when  starch 
grains  arc  their  unly  available  food. 

In  BacilUts  niesentericm  vulgatU9  diastase  has  been  found 
to  exist  side  by  side  with  four  other  enzymes.  The  cholera 
bacillus  of  Koch  can  H<|uefj'  &tarch-paste  when  cultivated  upon 
it,    and   some   of  the   starch    is    transformed    into   sugar.     It 
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apparentiT  does  this  br  the  action  of  its  own  protoplasm,  as 
Wooi,  who  observed  the  phenomenon,  says  do  enzyme  is  secreted, 
or  can  at  any  rate  be  extracted  from  the  oeUs.  On  com- 
paring these  results  with  the  others  alreadv  quoted  it  seems 
probable  that  his  methods  of  extraction  were  defective,  as  it  is 
difficult  to  see  how  the  protoplasm  of  the  baciUos  and  the 
stardi'paste  conld  come  into  contact^  on  aoooont  of  the  cell- 
waU  clothing  the  organism.  Protoplasm  no  donbt  possesses  a 
starch-transforming  power,  bat  it  must  come  into  contact  with 
the  starch  in  order  to  exercise  it.  This  |Hvpertr  of  protoplasm 
will  be  more  fully  considered  in  a  subsequent  chapter. 

Pfeffer  was  able  to  determine  the  secretion  of  diastase  by 
Bacterium  megatherium,  and  found  that  the  amount  this  organism 
prepares  depends  to  a  large  extent  upiMi  the  amount  of  cane- 
sogar  present  in  the  caltoie  medium.     He  extended  his  re- 
searches in  this  direction  to  several  <rf'  the  moold  fungi,  and 
found   the  same  influence  was  exerted  by  the  environment. 
PenicHinm  gtaucvm   ceased   to  form   diastase  at   all   in   the 
presence  of  10  per  cent,  of  cane-sugar,  and  even  when  the  latter 
only  amounted  to  1'3  per  cent,  the  starch  was  only  slightly 
attacked.      AtperoiUus    tiiper   behaved   di&rently,   |nt>ducing 
diastase  even  in  the  presence  of  30  per  cent,  of  cane-sugar. 
Different  sugars  have  different  powers  of  checking  the  secretion 
of  the  enzyme,  cane-sugar  and  dextiwe  being  more  effective  in 
this  direction   than  malt<tse.     As  the  former  are  the  sugars 
which  have  the  greatest  uutritire  value  for  the  oiganisms  this 
result  appears  to  indicate  that  the  f\«raation  of  diastase  in 
these  plants  only  takt:>s  place  under  the  stimulas  of  a  setni- 
star%-atioiL     This  is  r^'uderiHl  the  moie  prv>lttble  in  that  if  the 
plants  are  exciteil  to  mon*  vijjv>rv>us  Sfivwth  by  being  supplied 
with  peptone,  a  grxN»tor  jm^|v^rtiii«  of  sugar  is  necessary  to 
inhibit  the  prx^hionon  of  di.<v<tH.^\ 


CHAFfER   III. 


ANl&lAL   DIASTASE. 


I 


The  existence  of  a  diostasic  property  in  animal  cells  was 
tirst  indicated  id  1831  by  Leuchs,  who  discovered  saliva  to 
have  the  power  of  converting  start^h  into  sugar.  He  did  not 
take  the  matter  ftirther,  and  it  was  not  till  1845  that  the 
eDZynie  was  prepared  from  the  secretion  of  the  salivary  gland. 
This  was  effected  by  Miaihe,  who  obtained  it  by  precipitation  of 
saliva  with  excess  of  absolute  alcohoL  It  was  prepared  in  a 
purer  form  by  Cohnheim  in  1863  by  a  method  that  will  be 
I      described  in  a  subsequent  chapter  (page  45). 

■  In   1 845    Bouchardat    and    Sandras    prepared    t  he    same 
^kuyme  from  the  secretion  of  the  pancreas. 

^^F  Further  observations,  made  chiefly  within  the  present  decade, 

■  show  that  diastase  is  as  widely  distributed  in  the  animal  as  in , 

■  the  vegetable  body.    Indeed  though  two  varieties  have  not  been 

■  indicated  so  clearly  a»  in  the  latter  case,  we  tind  two  modes  of 
action  much  resembling  those  of  the  translocation  and  secretion 
varieties  found  in  plants.  Thus  the  secretions  of  the  salivary 
gland  and  of  the  pancreas  are  poured  out  into  special  regions 
of  the  alimentary  canal  to  convert-  into  a  ditl'usible  form  the 
starch  and  glycogen  of  the  animal's  food,  while  in  the  cases  of 
tissues  containing  the  latter  of  these  carbohydrates,  an  enzyme 
is  produced  which  acts  only  on  the  glycogen  in  the  interior 
of  the  cell,  and  from  the  latter  the  diffusible  products  are 
removed  by  a  species  of  translocation. 

Diastase  is  stated  by  Ruhmann  to  exist  in  small  amount  in 
the  succua  eutericus  or  secretion  of  the  small  intestine,  though 
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in  mtich  smaller  amount  than  in  cither  saliva  or  pancreatic 
juice.  Hamburger  has  maile  a  similar  observation.  Comporinf^ 
the  relative  diastasic  powers  of  saliva,  pauci-eatic  juice,  and  the 
secretion  of  the  small  intestine,  by  observing  their  power  of 
forming  cupric-oxide-reduciug  sugar  from  solutions  of  starch, 
he  finds  that  taking  the  reducing  power  of  glucose  as  unity  for 
purposes  of  a  standard,  the  products  of  the  action  of  the  three 
secretions  gave  reducing  powers  of  *31,  'Sd.  and  26  respectively. 
Thin  amount  of  re<Iucing-8ugar  was  produced  by  saliva  and  by 
pancreatic  juice  in  aii  hour  or  less,  while  it  was  only  arrived  at 
under  the  influence  of  intestinal  juice  in  rather  longer  than  a 
day.  The  last-named  secretion  therefore  contains  but  a  very 
small  amount  of  diastase. 

The  existence  of  the  enzyme  in  the  intestinal  juice  of  the 
sheep  was  proved  by  Pregl  in  1895. 

The  other  variety  which  in  function  at  least  corresponds  ko 
translocation  diastase  is  found  in  almost  all  tissues  and  fluids 
of  the  body,  though  it  is  often  present  in  ven*  small  quantities 
and  is  difficult  to  extract.  Different  animals  however  show 
considerable  differences  in  these  respects. 

The  liver  and  the  muscles  are  the  chief  storehouses  of 
carbohydrate  reserve- material  in  the  body,  where  it  takes 
the  form  of  large  cfuantities  of  glycogen,  which  vary  con- 
siderably from  time  to  time.  Carbohydrates  len>'ing  the 
•liver  are  found  to  be  in  the  form  of  sugai*,  most  probably 
glucose,  and  the  conversion  of  glycogen  into  the  latter  must 
therefore  take  place  within  the  organ.  Very  conflicting  state- 
ments have  been  made  as  to  the  possibility  of  preparation  of 
a  soluble  enzyme  from  the  liver  cells,  but  there  seems  to  be 
a  gi'adually  accumulating  body  of  evidence  in  favour  of  its 
existence. 

Leaving  that  question  for  the  moment  and  turning  to  other 
body  fluids  in  which  the  existence  of  diastasic  enzymes  would 
seem  less  probable  than  in  saliva  and  the  paucreatic  and 
intestinal  juices,  we  find  a  certain  amount  of  evidence  of  their 
eidstence  in  blood  and  lymph.  Bial  in  1893  stated  that  diastase 
could  be  extracted  from  the  serum  of  both  these  tluids  but  not 
from  their  corpuscles.    Rohmann  about  the  same  time  made  the 
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observation  that  if  glycogen  is  injected  into  the  13'mphatics  of 
an  animal  and  the  lymph  from  the  thoracic  duct  then  allowed  to 
run  into  alcohol,  the  percentage  of  sugar  in  the  l)*mph  is  found 
to  have  risen.  The  glycogen  in  his  experiments  was  injected 
in  guspension  in  a  small  quantity  of  solntion  of  common  salt, 
about  'C^/o  in  strength  (normal  wtline  solution).  The  salt 
fiolutioD  produced  no  efiect  when  injected  alone.  R^hmann 
also  found  diastase  in  blood,  existing  aide  by  side  with  other 
enzymes,  but  being  present  only  in  relatively  small  amount. 
Dastre  also  found  diastase  In  lymph,  which  he  sayn  contains 
*097  parts  of  glycogen  per  1000.  If  the  lymph  is  examined  after 
standing  24  hours,  the  glycogen  has  disappeared.  In  the  paper 
already  qnotcd  Hamburger  also  :«Uites  that  an  enzyme  capable 
of  producing  sugar  exists  La  the  blood.  He  speaks  of  it  as  giving 
rise  very  slowly  to  a  sugar  having  a  reducing  power  greater 
than  that  formed  by  saliva.  It  is  probable,  as  he  points  out, 
that  this  sagar  is  not  the  product  of  the  action  of  diastase 
alone,  but  that  the  body  formed  by  the  latter  is  further  changed 
by  another  emsyme  also  present  in  the  blood.  He  shows  clearly 
however  that  blood  has  the  power  of  transforming  starch  into 
sugar,  which  can  only  be  due  to  diastase. 

Foster  has  fouml  that  pericardial,  pleural,  and  peritoneal 
fluids  have  the  power  of  converting  starch  into  sugar,  and 
Grohe  says  that  chyli;  behaves  similarly.  According  to  Cohn- 
heim  and  B^champ  fresh  filteit'd  urine  has  the  same  power, ' 
containing  enough  diastase  to  allow  the  cnzj-me  to  be  obtained 
from  it  by  precipitation.  Its  presence  in  the  urine  probably 
indicates  that  it  is  in  process  of  being  excreted  from  the  blood, 
as  the  amount  is  increased  after  meals.  Foster  says  it  can  be 
prepared  from  the  natural  deposits  uf  urates,  with  or  without 
previous  washing  with  alcohol. 

The  diastase  which  is  present  in  saliva,  pancreatic  juice,  and 
niocos  eutericus,  is  like  that  of  the  germinating  barley  grain, 
a  secretion  by  a  definite  tissue.  Saliva  in  mammals  is  foiined 
in  certain  structures,  known  as  salivary  glands.  There  are  three 
pairs  of  these  in  the  body,  the  parotids  situated  on  the  sides  of 
the  (ace,  in  (tout  of  the  ears,  the  submaxillary,  just  betlow  the 
base  of  each  inferior  niaxilln,  and  the  sublingual,  placed  along 
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the  fiooi-  of  the  mouth  between  the  ton^e  and  the  gnms  of 
the  lower  jaw.    Each  is  compo«ed  of  a  number  of  tubes  opeulng 
into  ducts  which  ultimately  coalesce  to  form  a  single  large 
outlet  through  which  the  whole  secretion  of  tbu  glaiid  flows. 
The  tubes  are  much  conroluted  and  bound  together  into  lobes 
by  connective  tissue,  so  that  the  whole  gland  fonna  a  solid  mass 
of  small   size.    The   act  of  secretion   is  carried   out   in   the 
ultimate  tabes  or  alveoli  of  the  gland.    Each  of  these  coosistB 
of  a  transparent  basement  membrane,  on  the  inner  face  of  which 
the  secreting  cells  ore  placed.     There  is  a  very  small  lumen 
canal  in  the  centre,  formed  by  the  free  margins  of  the  eel 
Each  alveolus  is  bathed  by  the  lymph  which  exudes  from  a 
close  plexus  of  blood  capillaries,  situated   in   the  connective 
tissue  which  is  outside  the  basement   membranes  and  which, 
helps  to  bind  the  whole  gland  together.     The  colls  thus  recei' 
supplier  of  lymph  at  their  bases,  while  the  secreted  saliva 
pourpd  out  from  them   into  the  delicate  canal    which   is  the 
centre  of  the  alveolus.     Each  gland  is  supplied  with  a  double 
set  of  nerve  tibrcs,  one  from  the  cerebro'spiual,  the  other  fro|^H 
the  sympathetic  system.  ^H 

The  structure  of  the  secreting  cells  differs  in  one  important 
respect  from  that  of  the  cells  of  the  scutellar  epithelium  of  the 
barloy.  There  is  no  cellulose  membrane  investing  them  and 
their  protoplasm  is  therefore  constantly  bathed  by  the  lymph 
which  reaohee  them  freely.  They  are  composed  of  protoplasm 
which  can  be  seen  to  be  arranged  in  a  network ;  this  U  fairly 
regular  and  close  in  some  cells,  while  in  others  the  size  of 
its  meshes  varies  in  different  parts  of  the  cell  The  outer 
part  or  limiting  layer  of  the  cell  has  much  closer  meshes  than 
any  other,  and  forms  an  almost  continuous  layer.  Between  the 
meshes  of  the  protoplasm  there  is  a  more  transparent,  possibly 
fluid  material,  often  known  as  paniplasm.  This  may  contain 
various  subetancee  and  may  be  crt^wded  with  gnmular  matter. 
There  is  alwaii's  a  conspicuotuj  nucleus  present  bat  its  position 
varies  in  cells  of  differont  glands. 

The  proceas  of  formation  of  the  diastase,  or  ptyalw,  as  it  is 
frequently  called,  can  be  traoed  by  a  microecopic  examination 
of   the  cells  under  different  couditioos  of   the  animal.      If 
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examined  after  a  period  of  fasting  the  meshes  of  the  proto- 
plasm are  found  to  be  filled  with  g-rauuleu  to  such  aD  extent 
that  the  outlines  of  the  cells  are  hardly  if  at  all  visible  and  the 
nucleus  is  altogether  obscured.  If  the  glaud  is  taken  from  the 
body  immediately  after  a  copious  outflow  of  saliva  has  taken 
place,  the  granules  arc  smaller  and  sparser,  and  are  accumulated 
on  the  sides  of  the  cella  next  to  the  lumen,  the  outer  bonier 
appearing  clear.  The  whole  cell  is  somewhat  smaller,  as  if 
shrunken,  and  the  nucleus  is  plainly  Wsible.  The  examination 
can  be  made  upon  the  fresh  tissue,  or  more  easily  after  treat- 
ment of  it  with  osmic  acid,  which  stains  the  granules  black. 

The  process  of  secretion  appears  to  consist  of  three  stages, 
absorption  of  nutritive  matter  fi-om  the  lymph  by  the  cell,  the 
manufacture  and  deposition  of  the  granules  in  its  interior,  and 
the  subsequent  solution  of  the»e  and  their  coincident  extrusion 
from  the  cell  into  the  duct.  All  these  proces.scs  are  under  the 
control  of  the  nerves  which  are  supplied  to  the  glands,  each  of 
which  has  a  definite  part  to  play  in  the  sequence  of  events. 
In  the  case  of  the  sub-maxillary  gland,  the  formation  and 
solution  of  the  granule.s  appear  to  be  regulated  by  a  branch  of 
the  cervical  sympathetic  nerve,  and  their  extrusion  from  the 
cells  by  the  chorda  tyinpani,  a  branch  of  the  7th  cranial  nerve. 
The  whole  nervous  action  is  controlled  by  the  brain. 

The  exact  nature  of  the  granules  is  not  completely  known. 
They  are  probably  not  diastase  itself,  but  an  immediate  ante- 
cedent which  becomes  diastase  in  the  process  uf  dissolving  and 
l^iving  the  cell.  This  view  is  however  based  rather  upon 
analogy  with  what  happens  in  certain  other  glands  than  upon 
direct  observation  of  the  salivary  ones. 

In  some  of  the  salivaiy  cells  the  granules  are  certainly  not 
all  diastase,  as  the  secretion  of  the  gland  contains  other  bodies 
as  well,  notably  mucin.  Still  the  granularity  and  the  amount 
of  diastase  obtjiinable  from  a  gland  appuar  to  vary  together. 

The  granular  appearance  thus  noticed  in  the  animal  cell 
recalls  the  fact  that  a  similar  granularity  may  be  observed  in 
the  scutellar  epithelium  of  the  barley  grain  while  diastase  is 
being  formed  there. 

Similar  appearances   to   those  described   for  the  salivarv 
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gland  may  be  observed  in  the  colls  of  tbe  pancreas,  which  has 
a  very  similar  structure.  The  cells  of  this  organ  however 
secrete,  in  addition  to  diastase,  other  enzymes  which  will  be 
discussed  later.  The  granules  of  these  cells  have  been  ascer- 
tained not  to  be  composed  uf  the  enzymes  themselves,  but  of 
antecedents  of  them  known  as  zjpnog&ui.  Possibly  the  granules 
diifer  from  each  other,  some  being  those  of  one  zymogen,  others 
those  of  another. 

The  amount  of  diastase  in  saliva  and  pancreatic  Juice  varies 
according  to  the  animal  from  which  thase  fluids  are  taken. 
It  is  least  in  the  juices  of  the  herbivora,  the  saliva  of  the 
horse  being  pnictically  devoid  of  it.  There  is  very  little 
again  in  tbe  secretions  of  young  animals  so  long  as  they 
are  suckled. 

The  diastase  of  blood  and  lymph  may  be  comimred  with  the 
translocatiuu  diastase  of  plants.  It  acts  upon  substances  in 
those  Buids  and  is  not  brought  into  contact  with  carbohydrates 
in  the  alimentary  canal.  Its  mode  of  formation  is  unknown, 
the  microscope  affording  no  information  on  this  point. 

Turning  now  again  to  the  question  of  the  storage  of  reserve 
cttrbohydrates  in  the  body  and  the  possibility  of  their  trans- 
location by  means  of  diastase,  we  Bnd  our  informiUion  is  not 
so  complete  as  that  concerning  the  secretions  of  the  glands 
described.  The  most  prominent  organ  in  the  transformation  of 
such  reserve-carbohjd rates  is  the  liver,  in  which  it  is  easy  to 
detect  large  quantities  of  glycogen  which  varj'  considerably 
from  time  to  time.  Glycogen  in  the  animal  organism  appears 
to  take  the  place  of  starch  in  the  vegetable  one,  being  the 
form  in  which  carbohjdrate  material,  largely  derived  from  the 
alimentaiy  canal,  is  stored  till  needed  in  the  proceswes  of 
nutrition. 

It  has  been  known  since  the  time  of  Claud  Bernard  that 
the  blood  coming  from  the  liver  contains  a  variable  amount  of 
sugar,  and  that  during  a  period  of  fasting  it  contains  mure  than 
does  the  blood  of  tbe  portal  vein  which  carries  to  that  organ 
the  products  of  digestion.  When  the  liver  of  an  animal  is 
removed  from  the  IxMiy,  the  [xist-raortem  changes  which  take 
place  in  it  are  always  accompanied  by  the  formation  of  sugar. 
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and  &8  the  glycogen  gradually  diKappeora  it  ia  an  indication 
that  the  tatter  is  the  source  of  the  former. 

The  question  of  the  existence  of  a  diastasic  enzyme  in  the 
Uver  cells  is  one  which  has  excited  a  great  deal  of  contro%'ersy. 
MoHt  of  the  older  experimentertf  failed  to  extract  such  a  body, 
and  the  change  was  supposed  therefore  to  be  effected  by  the 
protoplasm  of  the  cells,  both  during  life  and  during  the  post- 
moi-tem  changes. 

In  considering  whether  the  evidence  that  has  been  ac- 
cumulated points  to  the  existence  of  an  euzyma  it  should  be 
bcHme  in  mind  that  in  many  cases  it  is  by  no  means  easy  to 
extract  such  a  body  from  the  protoplasm  of  a  cell  by  the  mere 
process  of  maceration  with  water  or  other  extracting  fluid.  In 
many  casea  it  has  been  ascertained  that  the  enzyme  is  held 
by  the  substance  of  the  protoplasm  with  verj'  great  tenacity. 
This  appears  very  evident  on  comparing  the  results  of  Wort- 
maon  on  the  diastase  of  foliage  leaves  with  those  of  Brown  and 
Morris  which  have  already  been  alluded  to.  Another  instance 
of  this  difficulty  is  found  in  the  recent  experiments  of  Buchner, 
in  which  he  has  extracted  an  alcohol-producing  enzyme  from  the 
body  of  the  yeast  cell  by  the  employment  of  strong  pre8.sure8. 
These  will  be  discussed  in  a  subsequent  chapter,  but  the 
difficulty  of  extraction  is  apparently  not  sufficient  proof  that 
an  onag^mc  may  not  be  present,  though  simple  maceration  fails 
to  extract  it. 

Of  the  earlier  writers  on  the  subject  of  the  metabolism  of 
the  liver,  Von  Wittich  and  Claud  Bernard  both  claim  to  have 
extracted  au  enzyme  from  the  hepatic  cells.  Tiegel  on  the 
other  hand  failed  to  obtain  one.  and  Seegen  and  Kratchmer, 
afler  many  experiments,  say  that  it  is  impossible  to  obtain 
satiafactory  evidence  of  its  existence. 

An  extended  series  of  observations  was  made  by  Mxfls  Eves 
in  1882.  This  author  dried  the  livers  of  various  animals  at  a 
moderate  temperature  and  then  reduced  them  to  a  powder  in  a 
mortar.  The  ilrif^nl  powder  was  subsequently  extracted  with 
salt  solution  and  the  liquid  filtered.  Extracts  so  prepared  were 
found  to  be  capable  of  effecting  starch  tmnsformation,  but  the 
diastasic  powers  they  possessed  were  very  small  in  oompanson 
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with  those  of  saliva ;  so  small  indeed  that  her  conclusion  was 
that  certainly  the  post-mortem  formation  of  sugar  and  dis- 
appearance of  glycogen  could  not  be  attributed  to  an  eozjrme 
in  the  colls.  She  attributed  the  small  amount  obtained  in  her 
extracts  to  the  blood  which  had  remained  iti  the  organ. 

The  subject  has  been  investigated  by  many  experimenters 
during  the  present  decade,  and  there  is  a  growing  opinion  that 
a  diiu;tasc  is  present  in  the  liver,  though  there  is  not  yet  an 
agreement  as  to  the  part  which  it  plays  in  the  metabolism  of  the 
oigan.  About  the  year  1890  Kaufmann  published  the  results 
of  some  experiments  made  with  the  bile  secrtted  by  various 
animals.  He  says  that  the  bile  of  the  pig,  the  nbeep,  and  the 
ox  are  all  strongly  diastasic,  that  no  enzyme  can  be  detected  in 
that  of  the  dog,  while  that  of  the  cat  contains  a  relatively 
small  amount.  Kaufmann  infers  from  these  results  that  the 
liver  cells  do  normally  form  diastase. 

Very  exhaustive  experiments  upon  this  subject  have  been 
carried  out  by  Pavy.  He  removed  the  liver  from  rabbits 
immediately  after  death  and  rapidly  reduced  them  to  pulp  by 
passing  them  through  a  mincing  machine  and  subsequently 
pounding  them  in  a  mortar.  The  pulp  was  stirred  up  with  a 
large  volume  of  absolute  alcohol  and  allowed  to  stand  under 
this  liquid  for  six  months,  by  which  treatment  the  proteids  of 
the  tissue  were  completely  coagulated.  At  the  expiration  of 
this  time,  the  alcohol  was  strained  off  and  the  liver  substance 
washed  successively  with  fresh  alcohol  and  with  ether.  It  was 
tbeu  dried,  powdered,  and  passed  through  a  fine  sieve.  Two 
grams  of  this  liver  powder  were  thrown  into  boiling  water,  while 
another  portion  of  the  .same  weight  was  incubated  for  4  hours 
at  46°  C.  with  20  c.c.  of  1  7i.  sodium  chloride  solution.  Both 
were  then  titrated  with  Fehling's  fluid.  The  boiled  digestion 
contained  '46  per  cent,  of  reducing-sugar,  the  incubated  one 
4'27  per  cent.  As  the  original  liver  contAined  both  glycogen 
and  a  small  amount  of  sugar,  the  increased  quantity  found  after 
incubation  clearly  shows  the  transformation  of  the  glycogen 
under  the  influence  of  liver  diastase. 

Pavy  has  shown  further  that  the  diastase  so  detected  will 
survive   prolonged   heating   to  80*  C.  if  perfectly   dry.      He 
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heated  some  of  the  liver  powder  suspended  in  absolute  alcohol 
for  5  minutes  over  boiling  water,  then  dried  it  again.  Experi- 
meotH  with  this  material  carried  out  ou  the  lines  of  the  one 
just  quoted  gave  the  same  result,  except  that  the  portion  not 
incubated  but  boiled  at  once  in  wator  caused  no  i-eduction  of 
Fehling's  fluid.  I'his  Rhows  that  the  reduction  found  in  this 
portion  iu  the  first  experiment  was  due  to  sogai-  present  at 
death  in  the  liver  tissue;  in  the  second  experiment  thiH  had 
been  extracted  by  the  alcohol  in  which  the  powder  was  heated. 
Hot  alcohol  is  of  courge  much  more  efficacious  than  cold  in 
removing  sugar  from  the  tiHSue,  which  holds  it  with  some 
tenacity. 

Misa  Tebb  has  aUo  been  Hucceasful  iti  preparing  a  diastasic 
extract  from  liver.  She  dried  the  liver  of  the  pig  at  35 — 40"  C, 
shredded  it  finely  and  dialysed  away  the  sugar  which  it  con- 
tained. The  liver  substance  wa.s  then  dried  and  powdere<l.  She 
found  it  capable  of  hydrolysing  both  starch  and  glycogen.  An 
extract  of  the  dried  jwwder  was  prepared  with  a  5  per  cent 
solution  of  sodium  sulphate  and  dialysed  till  free  from  sugar. 
It  was  then  digested  with  a  4  per  cent  solution  of  glycogen 
for  21  hours  at  37*  C,  at  the  end  of  which  time  phenyl- 
hydrazine  showed  the  presence  of  sugar  iu  some  (juantitv. 

Bial  holds  that  both  during  life  and  during  po8t-mort«m 
chauges  the  conversion  uf  the  glycogen  into  sugar  is  due  to  an 
en^mc.  He  found  that  the  process  was  not  prevented  by  a 
1  per  cent,  uolution  of  sodium  fluoride,  and  he  considers  this 
fact  to  prove  the  presence  of  diastase,  as  this  salt  is  fatal  to  the 
vital  action  of  the  cell.  He  does  not  decide  whether  the  liver 
cells  secrete  this  enzyme,  or  whether  it  i.s  derived  by  thera 
from  the  blood  and  the  lymph  which  bathe  them.  He  agrees 
that  the  sugar  which  is  formed  is  glucose,  and  on  this  ground 
says  that  the  diastase  which  is  formed  h  tho  same  as  that 
existing  in  the  bloo<l  an<l  lymph.  There  are  reasons  however 
for  thinking  that  this  is  not  due  to  the  diastase  being  of  a 
different  kind  from  that  of  the  saliva,  but  that  there  is  another 
enzyme  also  present  which  converts  maltose  into  glucose. 

Salkowski,  from  the  results  of  an  independent  investigation, 
coincides  with  the  views  of  Bial. 
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Schwiening  also  has  made  some  experiment  upon  the  post- 
morteTH  changes  in  the  liver,  especially  upon  the  influence  ofj 
chlurofurm  upon  them.  As  akeady  mentioned,  this  reagent 
kills  protoplasm  but  does  not  interfere  with  the  action  of 
diastikse.  He  made  an  extract  of  liver  with  chloroform  water 
and  boiled  half  of  it  as  a  control  In  both  his  preparations  Uver 
cells  were  present;  in  one  they  had  been  killed  by  chlurofonn, 
leaving  any  diastase  unaffected;  in  the  other  not  only  were  the 
cells  killed  but  the  diastase  was  destroyed  by  the  action  of  the 
high  temperature.  Both  contained  the  glycogen  originally 
present  in  the  tissue.  After  a  certain  time  of  incubation  the 
unboiled  extract  was  found  to  contain  no  glycogen,  but  ft 
considerable  quiintitv  of  sugar,  while  the  boiled  one  contained 
glycogen  with  only  traces  of  sugar.  He  concluded  in  con- 
sequence that  the  action  was  due  to  an  enz}nne,  the  direct 
action  of  the  protoplasm  Iwing  impossible  under  the  conditioiu 
of  the  experiment.  The  traces  of  sugar  found  in  the  boiled 
extract  may  very  well  have  been  due  to  a  small  quantity 
(Existing  in  the  liver  at  the  time  of  its  excision. 

Schwiening  says  further  that  in  the  boiled  extract  there 
was  a  conversion  of  glycogen  into  sugar  after  a  prolonged 
incubation,  a  fact  which  ho  holds  to  point  to  a  continuous  post- 
mortem formation  of  diastase.  This  however  seems  a  little 
difficult  to  understand,  as  the  boiling  not  only  killed  the  liver 
cells,  but  presumably  destroyed  any  antecedent  of  diastase  as  it 
did  the  enzyme  itself. 

The  liver  however  is  not  the  unly  seat  of  stored  or  reserve 
carbohydrate,  for  the  muscles  also  contain  a  considerable  amount 
of  glycogen.  Nasse  has  shown  that  these  organs  are  also  the 
Beat  of  an  amylolytic  or  diastasic  enzj'me  which  can  be  detected 
in  the  juice  extracted  from  them  by  pressure.  Halliburton 
confirms  Nasso's  observation.  He  has  found  that  a  watery 
extract  of  the  dried  precipitate  produced  by  treating  muscle 
juice  with  alcohol  can  change  both  starch  aud  glycogen  into  a  ^ 
reducing-Bugar  with  the  concomitant  production  of  an  inter-  ^| 
mediate  body  posscs.sing  the  characters  of  a  dextrin.  He  finds  " 
the  action  on  starch  very  slow,  no  sugar  being  noticeable  till 
the  digestion  lias  proceeded  for  6  or  6  hours. 
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Among  the  Invertebrata  diastase  appears  to  be  of  very 
genera!  occnrreDce ;  it  can  be  detected  even  in  uniceMular 
urganisms,  although  from  their  structure  it  exists  side  by  side 
with  other  enzj'mes  in  the  general  protoplasm. 

Fredericq  has  extracted  a  juice  from  the  cells  of  several 
sponges,  which  acts  upoa  starch,  fata  and  proteids.  He  obtained 
a  similar  extract  from  several  of  the  Echinodemiata-,  which  had 
the  same  properties  but  was  slower  in  its  action.  In  Urastei- 
this  secretion  was  found  in  the  pyloric  caeca,  situated  in  each 
ray  of  the  animaL  An  extract  of  that  part  of  the  alimentary 
canal  of  Lumbi'icus  contained  io  the  anterior  portion  of  the  body, 
ap  to  the  6th  segment,  will  convert,  ytai-ch  into  sugar.  Its 
intestine  is  almost  surrounded  by  a  glandular  tissue  which  has 
the  same  properties,  but  the  conversion  of  starch  by  this 
ttttne  will  take  place  only  in  neutral  solutions.  Other  worms 
also  form  diastase  in  simitar  positions.  In  Rotifers  two  large 
glandular  tubes  open  into  the  anterior  portion  of  the  stomach, 
and  yield  a  secretion  which  acts  on  starch  and  on  proteids. 

It  is  very  c<immon  in  all  the  higher  Invertebrata  to  find 
both  diastasic  aud  proteolytic  enzymes  yielded  by  the  same 
gland,  just  as  they  are  in  the  pimcreas  of  vertcbmtes.  The 
so-called  liver  of  the  Crustacea  and  Mollusca  is  apparently  a 
hepato- pancreas  jiiid  both  enzymes  win  btt  pn^jmred  fn)m  il. 

The  glands  which  are  situated  towards  the  anterior  region 
of  the  alimentary  caual  lu  many  of  the  lower  forms  are 
only  diastasic.  Among  the  Insecta  Blntta  i.s  known  to  be 
furnished  with  well-marked  salivary  glands,  secreting  an  alka- 
line fluid  which  converts  starch  into  sugar  with  gieat  facility. 
The  enzyme  can  be  extracted  by  precipitating  an  infusion  of 
the  glands  with  dilute  phosphoric  acid  and  lime  water,  when  it 
is  carried  down  by  the  calcic  phosphate.  The  mixed  precipitate 
when  washed  T\*ith  distilled  water  gives  up  the  enzyme  to  the 
solvent  and  it  can  be  thro^vn  down  in  a  fairly  isolated  condition 
by  the  addition  of  a  large  excess  of  alcohol. 

In  the  Lepidoptcru  salivary  glands  are  present  in  the 
imago  of  many  species;  they  possess  also  glandular  follicles 
in  the  stomach,  the  juice  of  which  behaves  like  that  of  a 
vertebrate  pancreas. 
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The  spiders  are  similarly  supplied  with  salivary  and  pan- 
creatic glands. 

As  has  been  mentioned  the  "liver"  of  MoUusca  has  pan- 
creatic functions.  In  Ilelu;  aspera  there  are  true  salivary 
glands  as  well,  which  open  into  the  mouth.  In  Heliic  pomatia 
the  diastasic  function  disappears  from  the  pancreatic  organ 
during  the  winter  sleep.  In  the  Cephalopoda  the  secretion  of 
the  salivary  glands  is  diastasic  only,  while  the  *'  liver  "  besides 
hydrolj^ing  starch,  cmulsiAcs  fats,  and  saponifies  them,  makes 
milk  transparent  and  acts  proteolytically  on  albumin.  The 
Lamellibranchiata  are  stated  to  possess  no  special  salivary 
glands.  JJiastase  has  been  said  to  exist  in  the  mantle  of  the 
oyster  so  long  as  it  is  uninjured  and  to  occupy  different  cells 
from  those  which  contain  glycogen. 

Abelous  and  Heim  demonstrated  the  presence  of  diastase 
in  the  eggs  of  certain  Crustaceans,  among  which  may  be 
mentioned  Maia  squinndo,  Platycarcinus  pagurna,  Portunus 
pubei'  and  (Jalatiuea  strigosa.  1'hcy  were  able  to  prepare  it 
from  either  fresh  eggs  or  such  as  had  been  preser\'ed  for  some 
time  in  95  per  cent,  alcuhul,  using  as  a  solvent  cither  water  or 
glycerine.  They  found  it  acted  most  energetically  at  a 
temperature  of  35^  C.  and  in  a  medium  containing  '1  per  cent, 
of  hydrochloric  acid. 

There  is  no  doubt  that  the  diastase  which  occurs  in  the 
animal  organism  is  identical  with  that  which  is  of  vegetable 
origin.  Brown  and  Heron  have  shown  that  the  course  of  the 
action  of  panci-eatic  and  malt  diastase  is  the  same,  that  they 
work  under  identical  conditions  and  are  influenced  by  various 
external  circumstances  io  precisely  the  same  manner. 


CHAPTER   TV. 


PREPARATION    OF   DIASTASE   AND   ITS   COURSE   OF   ACTION. 


The  isolation  of  diastase  in  a  state  of  purity  has  not  yet 
been  accomplished.  Indeed  so  little  is  known  about  its  com- 
position that  no  test  of  its  purity  has  been  sjitisfactorily 
established.  Beyond  saying  that  it  is  undoubtedly  a  nitro- 
geuouB  body,  and  that  it  has  much  in  common  with  the  proteids, 
it  is  at  present  difficult  to  go.  This  indeed  is  the  case  with 
all  the  enzymes  at  present  discovei'ed. 

The  usual  method  of  preparing  a  diastasic  extract  is  to  . 
mince  or  triturate  in  a  mortar  the  tissue  in  which  it  e.\i3ts  and 
to  macerate  the  d^ris  for  some  time  with  an  appropriate 
solvent,  after  which  the  solid  matter  is  removed  by  tiltratiou. 
Such  an  extract  of  course  can  only  be  regarded  aw  a  preparation 
containing  dia<itase,  together  with  such  constituents  of  the 
tissue  as  are  soluble  in  the  extracting  iluid. 

Many  attempts  have  been  made  to  pivpare  the  enzyme  free 
from  such  lulmixture,  and  though  several  methods  purily  it  from 
many  of  the  more  general  contaminations  none  can  be  regarded 
as  wholly  satisfactory. 

One  of  the  earliest  of  these  methods  was  employed  by 
Cohuheim,  who  took  advantj^e  of  one  of  the  properties  of  the 
enzymes  as  a  class,  viz.  their  tendency  to  be  carried  out  of 
solution  by  any  inert  precipitate  formed  in  the  liquid  in  which 
they  exist.  His  method  was  the  following : — hu  added  to  saliva 
a  certain  quantity  of  phosphoric  acid  Eind  then  neutralised  the 
mixture  with  linu'  water,  which  caused  a  copious  precipitate  of 
phosphate  of  calcium.     This  precipitate  carried  down  with  it  a 
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large  proportion  of  the  proteids  of  the  saliva  together  with  the 
diasiase  or  ptyalin.  The  precipitate  was  then  collected  by 
filtration  and  extracted  with  a  vulume  of  water  equal  to  that  of 
the  saliva  originally  used.  The  diaatase  is  slightly  more  soluble 
than  tihe  proteids  aud  accordingly  pa^wed  into  solution  GiSt, 
He  repeated  this  process  several  times  and  finally  precipitated 
the  last  extract  by  the  addition  of  alcohol.  This  precipitate 
was  collected,  washed  with  alcohol  and  dried  over  sulphuric 
acid,  appearing  then  as  an  amorphous  powder,  white  in  colour 
and  freely  soluble  in  water.  Cohnheim  held  it  to  be  free  from 
pi-oteids  as  its  solution  did  not  yield  the  usual  reactions 
charactciistic  of  these  bodiea 

Another  method  of  piepaj'atiou  of  salivary  diastase;  has 
been  described  by  Krawkow.  Saliva  is  diluted  with  an  equal 
volume  of  water,  and  saturated  with  neutral  ainuionium  sul' 
phate.  The  precipitate  which  is  caused  by  the  saturation  is 
collected  on  a  filter  and  washed  for  a  ^hort  time  with  strong 
alcohol.  It  is  then  allowed  to  stand  under  absolute  alcohol  for 
one  or  two  days,  and  finally  dried  at  a  temperature  of  30"  C. 
On  extraction  with  water  it  yields  a  solution  which  is  strongly 
diastasic  and  which  gives  no  proteid  reactions. 

Von  Wittich  adopted  the  plan  of  treating  a  diastase-secreting 
tissue  with  glycerine  ami  subsequent  precipitation  with  alcohol, 
purifying  the  product  by  repetition  of  the  process. 

M.ialhe  obtained  it  from  saliva  by  merely  precipitating  it  by 
means  of  alcohol.  Probably  neither  he  nor  v.  Wittich  ever 
obtained  it  in  anything  like  a  pure  condition. 

From  several  animal  tLssues  a  larger  jield  has  been  ob- 
tained by  using  for  the  first  extraction  a  solution  of  common  salt 
uf  about  10  per  cent,  concentration  instead  of  water. 

Lintner  has  prepared  a  relatively  pure  diastase  from  malt 
by  the  following  method.  One  part  of  either  gn-ew  or  air-dried 
malt  was  extracted  fur  24  hours  with  2  to  4  parts  of  alcohol  of 
20  per  cent,  strength.  The  spirit  was  then  filtered  off  and  mixed 
with  two  and  a  half  times  its  volume  of  absolute  alcohol.  A 
precipitate  settled  out,  which  was  collected  on  a  61ter  and  washed 
with  absolute  alwihol.  It  was  then  ti-ansferred  to  a  mortar  and 
well  washed,  with  stirring,  with  a  mixture  of  absolute  alcohol 
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h^and  ether.  The  liquid  having  been  decanted  off.  the  I'esidue  was 
dliecJ  iu  vacuo  over  strong  sulphuric  acid,  and  remained  as  a  very 
active  yellowish- white  powder.  To  purify  it,  it  was  redissolved 
in  water  and  again  precipitated  with  alcohol,  after  which  it  was 
submitted  to  dialysis. 

Analysis  of  it  in  this  condition  showed  it  to  contain  nitrogen 
and  a  certain  aiuount  of  aiih,  which  was  chiefly  coinposod  of 
calcium  phosphate.  The  process  of  purification  of  the  first 
product  iiicre&sed  the  percentage  of  nitrogen,  while  it  diminished 
the  amount  of  ii»h.  At  the  same  time  it  increased  the  diostaaic 
activity.  A  sample  which  on  first  preparation  contained  8*3 
per  cent  of  nitrogen,  after  purification  by  two  reprecipitations 
contained  9"06  per  cent.,  and  after  subsequent  dialysis,  99  per 
cent.,  while  the  percentage  of  ash  went  down  from  100  to 
4-79. 

The  diastasic  activity  was  determined  by  allowing  3ac  of  a 
aolutiou  of  I  gramme  of  the  diastase  in  250  c.c.  of  water  to 
act  on  10  cc.  of  a  2  per  cent,  solution  of  starch  for  one  hour 
at  the  oniinjirjf  temperature  of  the  labomtory,  cumjmring  it 
with  a  control  made  of  a  standartl  diastase  and  used  in  the 
same  proportions  and  under  identical  conditions.  The  same 
sample  as  that  mentioned  above  had  a  diastasic  activity  of  96 
before  purification  and  of  100  afterwarda. 

Another  method  of  prepaiing  diastase  has  been  used  by 
Loew,  which  is  not  however  8t>  trustworthy  aa  the  last-mentioned 
one.  The  tissue  which  cimtaiuod  the  onzj'me  was  extracted  by 
water,  and  soluble  calcium  salts  and  salt^s  of  lead  were  added  to 
it.  Then  it  was  made  alkaline  with  caustic  soda,  which  produced 
a  precipitate,  and  the  latter  carried  down  the  diastase  with  it. 
The  precipiUite  was  filtered  off  and  dissolved  in  dilute  acetic 
acid,  and  the  lead  removed  by  a  current  of  sulphuretted 
hydrogen.  Alcohol  of  95  per  cent,  strength  was  next  ufied  to 
precipitate  the  enzvme  from  the  filtrate  from  the  sulphide  of 
lead-  This  precipitate  waa  filtered  off,  dried  over  sulphuric  acid 
and  extracted  with  glycerine. 

Musculus  employed  a  method  which  was  a  m^xlification  of 
that  of  Payen  and  Persoz.  A  quantity  of  powdered  germinated 
barley  was  macerated  for  an  hour  with  twice  its  volume  of  water 
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and  strainecL  To  the  turbid  liquid  its  own  volnme  of  alcohol 
was  added,  and  the  bnlky  precipitate  filtered  ofit  To  the  filtrate 
its  own  volume  of  alcohol  was  again  added,  when  a  mnch  less 
bnlky  precipitate  fell.  This  was  collected  on  a  filter  azfed  dried 
at  a  gentle  heat.  The  paper  retained  the  precipitate,  which  was 
found  to  be  strongly  diastasic.  So  prepared  it  could  be  i««served 
for  a  considerable  period. 

Loew  prepared  the  enzyme  in  a  condition  which  he  con- 
sidered relatively  pure  by  the  following  process : — ^A  measured 
quantity  of  germinating  barley,  softened  by  a  little  water,  was 
digested  for  two  days  with  40  per  cent,  alcohol,  with  fi^nent 
stirring.  After  filtration,  the  liquid  was  |»ecipitated  by  a 
mixture  of  two  volumes  of  akohol  and  one  volume  of  ether, 
and  the  precipitate  collected  and  washed  with  aberrate  alcohol. 
It  was  then  dried  over  sulphuric  acid  and  extracted  with  water. 
Sub-acetate  of  lead  was  added,  which  yielded  a  precipitate ; 
this  was  filtered  off  and  suspended  in  water.  A  current  of 
sulphuretted  hydrogen  was  then  passed  through  it  to  remove 
the  lead,  and  to  the  filtrate  was  added  a  mixtore  of  absolute 
alcohol  and  ether,  which  precipitated  the  diastase.  This  was 
ci^ected  on  a  filter,  washed  with  ahsolate  alcohol  and  then  with 
ether  and  dried.  This  proce^  was  attended  with  a  loasof  agood 
deal  of  the  diastase  and  it  did  not  yield  a  pure  prodact. 

When  a  thin  starv^h-pasce.  preterabty  cvuktaining  1 — 3  per 
cent,  of  staivh  and  j>r>?pared  with  Wiling  vater.  is  mixed  with  a 
small  quantity  of  a  tUastaksio  extmcc  a  definite  set]a»Ke  of 
changes  can  be  noticed,  lu  a  fi^^w  niinases  the  liquid  loses 
the  opalescence  due  to  the  :Ht^vxKW  ssuch.  which  goes  into 
solution  and  sh^*  *hoIe  bevx^HK^  Uui],)>hi  A  Vw  drv^  removed 
at  this  >»^^  Kvv>n»e  blue  kmi  the  akifesKMi  ^-^  k<dine,  showing 
;bas  she  search  k-  chemtcalty  utwCicwvi  After  a  httle  longer 
in:erTat  the  kviine  r«h.*5iv'tt  v-iutttj>ts^  a  satupije  rvmoved  frooi  the 
dure^essxi  b<ecv>ttxic^  pur^w  w:th  3^  rett^tti.  Luer  the  coloor 
itven  fi*  a  deep  rvNi-bcv^wsi.  Kiojuiy  xvixuic  vvekwt^  u>  fcodoce 
any  vvwoor.     PyefK-^cx*!  es^auuioativ^c.   *5i&    »Mui^*  sciatioii 
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during  this  process  sbowH  that  a  power  of  reduciug  cupric  oxide 
which  is  not  possessed  by  either  starch  or  diastase  is  rapidly 
developed  and  increases  continuously  as  the  action  proceeds. 

The  series  of  changes  so  set  up  in  the  starch-paste  by 
the  enzyme  are  thus  evidently  of  u  complicated  character. 
The  action  is  one  of  hydroUjsiH  or  the  decomposition  of  starch 
together  with  the  incorporation  of  water  into  its  molecule^ 
leading  ultimately  to  the  formation  of  sugar.  But  the  process 
is  a  loug  and  gradual  oue,  and  starch  and  sugar  are  uot  the 
onl)*  two  bodies  which  are  met  with  duriug  the  transformation. 
Certain  other  products  known  as  dextHns  are  found  to  occur, 
nnd  one  of  these  is  the  cause  of  the  brownish-red  colour  which 
the  liquid  gives  on  the  addition  of  iodine  at  a  particular  stage. 

The  fii-st  attempt  to  ascertain  the  stages  of  the  actioa  wae 
made  by  Paycn  and  Pen^z  in  18.13.  These  authors  recognised 
one  of  the  dexlrius  and  described  it  as  a  body  soluble  in  water 
and  in  weak  alcohol  and  not  coloured  by  iodine.  In  1860 
MuBculus  recognised  that  dextrin  and  sugar  are  produced 
simultaneously  by  dia-stasic  action.  He  described  the  dextrin 
a  few  yean*  later  as  uot  colounible  by  iodine  and  having  no 
power  of  reducing  cupric  oxide.  He  thought  it  was  not  further 
acted  on  by  the  dia-staso,  but  remained  as  a  final  product. 
Puycn  says  on  the  c*>nliury  that  diastase  saccharifies  it  e;isily. 

About  the  years  1871-2  Griessmeyer,  O'Sullivan  and 
Brlicke,  working  independently,  ascertained  that  there  are  at 
least  two  dextriiis  formed,  one  of  which  is  uncoloured  by  iodine 
while  the  other  becomes  brovmish-red  with  that  reagent. 
Briicke  gave  them  the  names  of  ochroodextHn  and  erythrodex- 
triti.  O'Sullivan  at  that  time  thought  they  were  really  identical, 
and  describes  them  as  having  no  power  of  redncing  cupric 
oxide  and  possessing  a  specific  rotatory  power  of  [a]j  =  +  2I3'. 
He  said  that  malt  extract  converted  them  both  into  maltose. 

Some  yeore  later  MuscuIub  and  Gniber  showed  that  achroo- 
dertrin  was  not  a  single  body,  but  that  thore  were  at  least 
three  such  dcxtrins,  none  of  which  reacted  with  iodine.  They 
give  for  the  specific  rotatory  powers  of  the  three  [ajj^  +  ISO", 
+  190°,  and  +  150"  respectively.  Based  upon  their  experiments 
these  observers  advanced  a  theoiy  of  the  starch  transformation 

e.  r.  4 
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which  has  only  been  slightly  modified  by  subsequent  workere. 
Thia  was  that  the  st^irch  molecule  breaks  down  by  a  series 
of  hydrations  and  subsequent  decompoaitions,  moltoae  being 
formed  at  each  splitting,  together  with  a  dextrin  of  leas  mo- 
lecular weight. 

In  1879  the  subject  was  investigated  by  Brown  and  Heron. 
From  their  experiments  they  came  to  the  conclusion  that  the 
molecule  of  starch  has  the  formula  10  CigHaO^,  and  that  under 
the  action  of  diastase  groups  of  CuHk.0],  are  successively 
removed,  the  residue  in  each  case  being  a  dextrin  whose  mole- 
cnle  becomes  less  complex  at  each  stage.  They  suggested  that 
there  are  eight  of  these  possible  dextrins.  £ach  successive 
group  removed  then  becomes  hy<lrolysed  to  maltose. 

O'Suliivan  in  the  same  year  came  to  the  conclusion  that 
there  are  probably  four  dextrins  formed,  erythi-odextriu  and 
three  achroodexti'ins.  He  »ays  that  these  when  pure  have  no 
power  of  reducing  cupric  oxide  and  have  a  specific  rotatory 
power  of  [a]j  =  +  222^ 

Another  view  of  the  process  was  suggested  about  the  same 
time  by  Herzfeld.  According  to  thia  the  transformation  of  starch 
by  diastase  is  not  a  splitting  up  of  the  molecule,  but  there  is 
consecutively  a  conversion  of  it  into  soluble  starch,  erythro- 
dextrin  and  achrm>dextrin.  and  the  last  is  subsequently  con- 
verted into  a  body  which  he  calls  maUodextrin  and  raaltoee. 
When  starch  is  transformed  at  a  temperature  lower  than  65"  C. 
maltose  and  achroodextrin  are  formed ;  above  65"  0.  erythro- 
dextrin  and  raaltodextrin  in  addition.  Ucrzfeld  suggested  for 
the  latter  body  a  compositiou  coiresponding  to  two  groups  of 
dextrin  united  to  one  sugar  group  of  the  formula  C,HwO^ 
Herzfeld's  views  have  not  been  generally  accepted,  the  theory  of 
MuscuhiH  and  Grtiber  meeting  with  more  favour.  Probably  his 
maltodextrin  was  by  no  means  pmv. 

In  1885  a  modification  of  the  views  of  Musculus  was  put 
forward  by  Brown  and  Morris,  They  found  that  in  a  starch 
transformation  the  usual  result  was  the  formation  of  about  SO 
per  cent,  of  maltose  and  20  per  cent,  of  dextrin,  the  latter 
being  further  hydrolysed  with  great  difficulty.  Among  their 
products  they  found  constantly  occurring  a  certain  amount  of  a 
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body  intermediate  in  properties  between  maltose  and  dextrin. 
and  they  gave  to  this  the  name  maltodejirin,  a  term  originally 
used  by  Herzfeld.  The  substance  however  differed  consider- 
ably in  its  behaviour  from  that  described  by  Herzfeld  under 
the  same  name.  Brown  and  Morris  conclurle  however  that  the 
differenceat  are  due  to  the  impurity  of  Herzfeld's  preparation. 

Starting  with  the  observation  that  apparently  only  four-fifths 
of  the  starch  is  readily  convertible  into  maltose  they  put  for- 
ward the  following  theory.  Starch  has  at  least  a  formula  of 
5  [(Ct^B^Oio)^]  and  consists  of  five  amylin  or  dextrin-like  groups, 
four  of  which  are  arranged  symmetrically  round  the  fifth.  By 
the  action  of  dia^itase  the  decomposition  takes  place  in  .suc- 
oesaiTe  stages,  one  group  of  (.CuHk»0,o)j  being  split  off  at  each 
step,  leaving  a  dextrin  reeidue.  Each  group  eo  split  off  is  then 
hydrolysed   by  the  addition   of  water,   forming  raaltodcxtrin 

(C  HO      ^ 

l)?  W  n  s  f'  ^^^  '^^  ^  further  hydrolysed  by  diastase  below 

65°  C.  into  maltoee,  two  molecules  of  water  being  taken  up. 
The  last  group,  around  which  the  others  are  arranged,  under- 
goes hydrolysis  with  great  difficulty  and  consequently  remains 
aa  a  dextrin  at  the  conclusion  of  the  transformation.  The 
maltodextrin  being  composed  of  maltose  and  dextrin  they 
term  an  amylmn. 

The  reactions  of  the  amyloi'n  are  given  by  them  a.s  follows: — 

(1)  It  gives  numbers  on  analysis  which  allow  its  com- 
position to  be  expressed  in  terras  of  a  mixture  of  maltose  and 
dextrin. 

(2)  It  cannot  be  separated  into  maltose  and  dextrin  and 
is  therefore  not  a  mixture  but  a  compound  body. 

(3)  It    is    completely  converted   into   maltose   by   the 
ion  of  dias^tase,  while  a  mixture  of  the  two  in  the  same 

irtion  always  leaves  a  residue  of  dextrin. 

(4)  It  is  unfermentable  during  the  primaiy  fermentation 
by  yeast. 

In  a  later  paper  in  1889,  while  adhering  to  their  theor}'  of 
the  grouping  of  the  starch  molecule  and  the  geueral  course  of 
the  transformation,  they  come  to  the  conclusion  that  instead  of 
one  maltodextrin   there  are  several   of  them  formed.    Thev 
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think  that  the  groups  in  the  starch  molecule  arc  considcrnhlj 
larger  than  their  first  experiineot-a  led  them  to  suggest.  The 
first  decomposition  may  be  expressed  hy  the  equation 

Ktirah  itable  (lextrin  amylia  groopn 

The  4  amylin  groups  are  capable  of  gradual  and  complete 
hydrolysis  to  maltosjc,  a  series  of  amyloius  of  varying  degrees 
of  complexity  being  fomied,  tliere  being  a  general  tendency  for 
the  molecular  aggregations  to  become  smaller  as  the  hydi-olysis 
pxoceeds,  until  finally  maltose  is  reached.  The  extreme  stages 
of  this  hydrolysis  can  be  represented  by  the  following  equa- 
tions ; — 

<^»"-*^"^  +  ^°  =  l(c"H"oi!). 

(C5.H.O,.V  +  19  H.0  =  f  cI^hS^- 

As  the  hydrolysis  proceeds  these   complex   amylo'ins   are 
broken  up  into  smaller  ones,  two  of  which  have  been  prepared 

C.,H„0..      ^^ 


and 


by    them ;    these    they    call    maltodextrin 
amylodextrin   j 


l(C«H«0..), 

The  latter  body  was  first  observed 

considered  it  erroneously  to  be 


l(CuH^O„)<- 
by  W.  Nfigeli  in   1874.     He 
identical  with  soluble  starch. 

A  curious  difference  in  the  action  is  noticed  when  diastase 
is  allowed  to  act  on  starch-paste  in  the  cold.  The  optical 
activity  of  the  final  result  of  the  trandformation  is  lower  than 
it  should  be  on  the  assumption  that  only  maltose  and  dextrin 
are  present.  Afler  standing  for  some  time,  or  after  boiling, 
this  discrepancy  disappears,  and  the  optical  and  cupric-oxide- 
redncing  powers  show  the  same  relationship  that  they  do  when 
the  starch  transformation  is  carried  out  at  higher  temperatures. 
The  expliination  appears  to  be  that  at  the  lower  temperature 
the  maltose  formed  does  not  possess  its  full  power  of  rotating 
the  polarised  ray,  being  liberated  iu  a  state  of  "  hulf-rotation." 
Freshly  prepared  solutions  of  maltose  ahvays  exhibit  this  pecu- 
liarity.    When  freshly  dissolved  the  optical  power  of  maltose 
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bears  the  relation  to  that  of  an  old  or  a  boiled  solution  of  about 
133"  to  150'^.  Brown  and  Morris  have  shown  that  this  relation 
hold»«  good  in  the  case  of  freshly  prepared  pruducu  from  cold 
starch-paste. 

From  these  researches  there  ^-eems  little  doubt  that  the 
hydr<)lysis  of  starch  is  a  gradual  and  continuous  process  An- 
other view  has  been  recently  put  forward  by  Mittelmeier  which 
dififersi  in  many  of  it«  details  from  that  of  Brown  and  Morris. 
Aocoi-ding  to  Mittelmeier  the  action  of  diastase  on  starch  occurs 
in  two  stages;  during  tho  first  a  sninll  portion  of  the  stArch 
is  rapidly  converted  into  amylodextrin,  erythrodextrin  and 
achroodcxtrin,  and  sugar,  but  these  dextrins  are  not  identical 
with  those  formed  during  the  second  stage.  The  author  speaks 
of  them  respectively  an  primary  and  secondary  dextrins.  He 
claims  to  have  isolated  primary  orythrodextrin  and  primary 
achruodextrin.  The  former  is  iusoluble  in  water,  has  a  specific 
rotatory  power  [a]p  -  about  +  170".  does  not  react  with  phenyl- 
hydrazine,  reduces  cupric  oxide,  and  yields  dextrose  and  maltose 
when  treatetl  with  diastase.  He  gives  no  reactions  for  the 
other  primary  dextrin.  The  sugai'  I'rom  the  primary  dextrins 
yields  maltosazone.  while  that,  from  the  secondary  ones  gives  an 
nsa^one  which  is  oily  in  character,  and  melts  at  \AS — 148"  C 
Mittelmeier  tbinks  it  is  derived  from  a  new  sugar  for  which  he 
suggest*  the  name  metamaltose. 

His  results  have  not  at  present  been  confirmed. 

The  nature  of  the  sugar  formed  by  the  action  of  diastase  is 
according  to  most  observers  maltose  when  the  transformation  is 
allowed  to  take  place  under  the  ordinary  con<]itions  of  the 
laboratory.  Many  writers  have  pointed  out  however  the  occur- 
rence of  fflncose  among  the  products  under  particular  conditions, 
and  doubts  as  to  tho  identity  of  the  enzyme  in  diS'erent  secre- 
tions have  been  based  upon  these  discrepancies  in  the  final 
results  of  their  activity. 

These  two  sugars  differ  considerably  in  their  composition, 
itose  being  the  most  complex,  and  indeed  in  certain  circum- 

ices  one  molecule  of  it  splits  up  into  two  molecules  of 
glacoee.  Glucose,  or  as  it  is  often  called  dextrose,  is  colourless 
and  crystalline.    Tlie  cr}'stals  when  deposited  from  water  occur 
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io  nx-aided  tables  or  prisms  or  are  agglomerated  into  w&rt> 
lumpK  They  are  soluble  slowly  in  cold,  rapidly  in  hot  water; 
nUj^htly  Holiible  in  oold  alcohol,  more  readily  in  warm.  A 
^oIulion  of  thiH  sugar  poesessee  a  specific  rotatory  power  of 
{tL)0»-^52'5°.  When  heated  with  a  solution  ofcupric  sulphate 
in  tho  presence  of  an  excess  of  caustic  alkali,  it  reduces  the 
cupric  oxide  formed,  to  the  cuprous  condition.  This  power  is 
made  use  of  in  estimating  the  quantity  of  glucose  present  in  a 
Nolotion.  the  latter  being  in  a  definite  pi-opurtion  to  the 
lunuiint  of  cupric  oxide  reduced. 

Glucose  when  warmed  with  phenylhydrazine  acetate  forms 
III)  osaxoiie  which  cry^italliHes  iu  yellow  ueedW  It  is  almost 
iuHolvible  in  water  and  melts  at  about  205'  C  Glucose  is 
capable  of  undergoing  alcoholic  fermentation  by  yeast  without 
previous  deconipositiou.  It  bos  the  composition  C«H„0»  and  is 
represented  by  the  formula  [COH  -  (CHOH).  -  CH,OH]. 

Haltottc  crystallisest  with  difficulty  from  its  watery  solution, 
the  ci^atals  being  in  the  form  of  fine  needles.  It  is  very  M 
soluble  iu  vrater,  bul  not  so  readily  dissolved  by  alcohol  as  is  ^ 
glucose.  Its  specific  rotator}'  power  is  much  greater  than  that 
of  tho  latter,  being  (a)j,  •  +  140°.  Its  power  of  reducing  cupric 
oxiilt'  is  on  the  nthor  hand  considerably  less,  being  only  about 
two-thirtlK  that  of  glucose 

MalUv««>  fitnus  with  phenyl h^'drazinc  acetate  an  osazonc  which 
rr\-:italli<<'»  in  titio  yellow  uvodles  resembling  tboae  of  glucosazono. 
bill  thoy  are  soluble  m  about  75  parts  of  water  at  100'  C.  Its 
ni<ihii^  poial  is  SK>5*  0. 

Th«ra  k*  a  fanaral  agieMMDl  atDoog  chemista  that  the 
action  of  v«|prtaU»  ^m/kam  ob  starch  malts  in  the  production 
\y(  uwUloa*  akd  Ml  fkoos*.  Soaaevhat  eonfictiiig  atatemenU 
Kaw  bv««i  IMmW  alwvt  ttie  actm  of  the  animal  enzyme. 
MMpnilwt  «\vit  thai  tlw  Ti^aMa  <iiMtase  aod  the  animal 
)4.valiu  iv\x1mv>c  iW  saSM  sofw.  Smm  oo  ti»e  otlier  hand 
i)>tiutaitw  tKal  aativa  ionm  a  tUid  m^ar,  rtifsi  iii^.  from  both 
)ilmvw>  aiMl  MMhoBv;  tn  calb  it  ji^paiM^  and  m^  Us  rednciug 
|h.H«vir  IB  sttHy  Wakf  iImuI  of  gfcitiMi.  tW  rfca^gwn  that  take 
||Im»  te  iW  lav«e  WiMi  d«ni«  UU  and  aftar  6mtk  lead  to  the 
INwAvw^W  «Nf  )e(\K\w  in  its  «(4kK  yei  \hm  Mim  of  i^iinniii  oa 
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glycogen  forma  maltose.  Nasse  aiid  some  other  observers 
maintain  that  it  is  ptyalose.  Bial  says  that  the  aerum  of 
biood  produces  glncoec  and  not  maltose. 

The  discrepancy  can  be  explained  however  in  the  light 
of  more  recent  researches.  The  liver  has  been  shown  by 
Miss  Tebb  to  contain  in  addition  to  the  hypothetical  diastase 
another  enzyme,  glucose  or  maltase,  which  converts  maltose  into 
glucose.  The  other  animal  tissues,  which  have  been  alluded  to, 
also  contain  this  enzyme,  a.'^  do  blood  and  Ij^'mph.  The  action 
of  the  diastase  in  all  these  eases  gives  rise  to  maltose,  which  is 
suheequently  but  rapidly  converted  into  glucose  by  the  maltase. 
This  enzyme  which  has  only  comparatively  recently  been  dis- 
covered will  be  discus.^  in  a  suljsequent  chapter 

There  has  been  conmderabte  discussion  as  to  whether  there 
are  not  at  least  two  kind.f  of  maltose  formed  during  starch 
transformation  by  diastase.  Fischer  has  prepared  a  sugar  by 
the  action  of  hydrochloric  acid  on  glucose  which  poesesses  special 
characteristics,  and  he  has  given  to  it  the  name  isovialtose. 

In  1H91  Lintner  claimed  to  have  identified  this  sugar  in 
certain  beer-worts.  He  said  that  on  warming  them  with 
pheuyihydrazine  acetate  an  osazone  was  formed  which  in 
melting  point  and  crystalline  appearance  corresponded  to  that 
of  Fischer's  new  sugar.  Later,  in  conjunction  with  Dull,  Lintner 
stated  that  he  had  isolated  this  body,  and  the  two  authors 
published  an  account  of  its  preparation  from  the  products  of 
the  action  of  diastase  on  starch.  According  to  them  isonialtoee 
is  a  sugar  which  ferments  with  yeast  very  much  more  slowly 
than  maltose ;  it  is  very  hygroscopic,  and  possesses  a  verj'  sweet 
taste.  It  has  a  specific  rotatory  power  like  that  of  maltose 
(a)p  =  +  140°,  but  its  reducing  power  is  only  H3  per  cent,  of  that 
of  the  latter.  It  is  convertible  into  maltose  by  the  action  of 
diastase.  With  phenylhydrazine  acetate  it  forms  an  osazone 
which  melts  at  150"— 153^ 

In  a  later  paper  in  1895,  Lintner  says  that  the  conversion 
into  maltose  is  incomplete,  sometimes  only  30  per  cent,  being 
so  changed.  He  puts  forward  the  further  hypothesis  that 
there  may  be  two  atereoisomeric  isomaltoses.  Lintner'a  views 
have  been  challenged  by  several  observers.     Ulrich  repeated 
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the  experimente  on  which  they  were  founded,  but  failed  U> 
prepare  an  osazone  melting  below  159%  which  is  several  degrees 
higher  than  that  of  Lintner's  body. 

Ling  and  Baker  prepared  the  latter,  and  &om  a  consideration 
of  its  behaviour  under  different  conditions  came  to  the  con- 
clusion that  it  is  not  homogeneous. 

Brown  and  Morris  made  a  careful  study  of  it  and  agreed 
with  Ling  and  Baker  that  it  is  not  a  chemical  entity,  and  does 
not  correspond  to  Fischer's  isomaltoae  at  alL  In  their  paper 
they  say  that  it  can  be  further  split  up  by  careful  fractionation 
with  alcohol  and  by  fermentation  with  yeast,  id  such  a  way  as 
to  show  that  it  is  a  mixture  of  maltose  and  dextrinous  com- 
pounds of  the  maltodextrin  or  amyloin  class.  The  crystallisable 
osazone  which  Lintner  describee  as  isomaltosazone,  and  on  which 
he  bases  his  views  to  a  very  targe  extent,  is  only  maltoeazone 
modiiied  in  its  crystalline  habit  and  melting  point  by  the 
presence  of  small  but  v&ryiag  quantities  of  another  substance. 
Brown  and  Morris  have  shown  this  by  recrystailisation  of  pure 
inaltosazone  in  the  presence  of  the  uun -crystallisable  products  of 
the  action  of  phenylhydrazine  acetate  on  the  maltodextrin; 
they  thus  obtained  an  onazoue  having  the  properties  of 
Lintner's  body.  Ling  and  Baker  endorse  this  view,  but  they 
think  that  the  substance  mixed  with  the  maltose  is  a  simple 
dextrin  having  the  formula  daHaoOjo  +  EjO. 

Jalowitz  confirms  Brown  and  Morris,  showing  that  pure 
maltose,  when  mixed  with  varying  quantities  of  dextrin,  yields 
osazones  which  nut  only  differ  in  melting  point,  but  also  in  their 
general  appearance  and  crystalline  form.  With  equal  quantities 
of  maltose  and  dextrin  an  osazone  is  obtained  which  melts  at 
150** — 155°  C,  but  the  melting  point  altera  al'ter  several  recrys- 
tallisations. 

Ost  aUo  controverts  Lintner's  views. 

The  balance  of  c\*idcnco  is  therefore  very  much  in  favour  of 
the  view  that  the  only  sugar  which  results  from  the  action  of 
diastase  on  starch  is  maltose. 

The  preparation  of  isomaltoee  by  the  action  of  animal 
enzymes  has  also  been  suggested,  though  not  very  clearly 
proved.     Indeed  it  is  probable  that  fuither  investigation  will 
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show  that  isomaltose  has  not  been  isolated  id  this  case  either. 
Kiitz  and  Vogel  have  published  the  results  of  investigations 
into  the  action  of  the  chief  animal  diastasic  secretions,  with 
special  reference  to  the  sugar  formed.  They  used  a  five  per  cent. 
solution  of  rice  starch,  and  identiSed  the  sugar  by  the  phenyl- 
hydrazine  reaction,  analysing  the  osazonee.  They  give  as  the 
results  of  their  several  experiments: — 

Human  parotid  saliva —  Isomaltase. 

Mixed  human  saliva —      Isomaltose  and  later  maltose, 

with  traces  of  glucose. 
Dogs*  saliva —  Isomaltose. 

Ox  pancreas —  Isomaltose. 

Using  glycogen  instead  of  starch  they  found : — 

With  liver  glycogen,  human  parotid  saliva  gave  a  mixture 
of  isomaltose  and  maltose  in  the  proportion  of  1  :  2. 

With  muscle  glycogen,  the  same  saliva  gave  maltose  only 
when  the  saliva  was  in  excess ;  with  less  saliva  they 
obtained  isomaltose,  with  a  little  maltose  and  a  little 
glucose. 

With  liver  glycogen,  ox  pancreas  gave  isomaltose,  with  a 
trace  of  maltose. 

With  muscle  glycogen,  the  same  enzyme  gave  isomaltose, 
with  a  little  glucose. 

The  products  of  the  staich  trunsfonnatiun  by  diastase  in 
the  animal  body  probably  differ  somewhat  from  those  which 
are  obtained  in  the  laboratory.  We  have  seen  that  in  the 
latter  case  the  final  btxlies  are  generally  maltose  and  dextrin  in 
the  proportion  of  four  parts  of  the  fornitr  to  une  of  the  latter ; 
the  dextrin  being  the  intractable  group  around  which  the  four 
more  easily  hydrolyaable  groups  are  ptacwl.  In  the  body  the 
final  product  scorns  to  bo  maltose  only.  Lea,  who  definitely 
ascertained  this  fact,  attributes  it  to  the  removal  of  the  maltose 
fiwm  the  region  of  diaetasic  activity  ais  fast  as  it  is  fonned.  He 
says  that  when  in  the  laboratoi'y  starch  transformatiuns  are 
carried  out  in  dialysing  tubes,  made  of  parchment  paper  and 
placed  in  water  which  is  frequently  renewed,  the  final  product 
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in  maltosu  oaly.  This  is  in  accordance  vrith  the  statement 
which  many  observers  have  made  that  any  enzyme  is  much 
impeded  if  iiob  actually  iuhibited  in  ite  action  by  the  accu- 
mulation of  the  products  of  its  activity. 

The  producUi  which  are  formed  in  a  plant  during  the 
action  of  diastase  have  not  been  at  all  fully  investigated. 
There  iH  no  doubt  that  sugar  in  the  moMt  prominent  of  them  if 
not  the  auly  6ual  one.  as  che  dextrine  ore  as  indiffusible  as  starch 
itsel£  The  reHearches  of  Bruwii  and  Morris  on  foliage  leaves 
leave  no  doubt  that  in  TrojMeotutn  at  any  rate  this  sugar  is 
maltose. 

The  writer  in  the  course  of  some  reseArches  on  the  gei'- 
mination  of  the  poUen  graiii  was  able  to  trace  certain  changes 
in  the  starchy  reserves  contained  therein  as  the  pollen  tube 
developed.  The  plant  whose  pollen  gave  the  most  satisfactory 
results  was  Lilium  pardalinum.  The  ripe*  pollen  grains 
when  treated  with  a  solution  of  iodine  in  chloral  hydrate, 
which  renders  them  transparent,  were  found  to  be  charged 
with  starch-grains  which  stained  the  usual  blue  colour.  Mixed 
with  thtm  here  and  there  were  a  few  grains  staining  like 
ervthrodextrin.  As  the  tnbe  was  put  out  from  the  grain 
these  gnmules  were  gnulually  carried  over  into  the  protruding 
portion,  and  they  flowed  slowly  down  the  tube  as  it  extended. 
When  the  tube  was  as  long  as  twice  the  diameter  of  the  grain. 
if  the  chloral-hydrate  •iodine  solution  was  added  they  were  ' 
found  to  be  somewhat  different  in  colour,  becoming  slightly 
pui-ple  with  the  iodine.  With  longer  tubes,  the  grains  in  which 
were  still  traveling  fonvard,  this  change  was  more  and  more 
marked,  particularly  near  the  tip  of  the  tube.  When  a  tube 
which  had  attained  a  length  of  20 — 30  times  the  diameter  of 
the  grain  was  treated  in  the  same  way,  the  general  effect  of  the 
iodine  was  markedly  different.  There  were  but  few  blue 
granules  and  those  in  the  part  nearest  the  pollen  grain.  The 
greater  part  of  the  length  of  the  tube  was  studded  thickly  with 
purple  grains  and  towards  the  tip  they  became  nearly  red. 
The  starch  was  evidently  in  process  of  digestion  under  the 
action  of  diastase,  which  other  experiments  had  shown  the 
same  pollen  to  contain.     The  granules  did  not  change  their 
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i>hape  and  showed  no  sign  of  corroHion  even  when  magnified 
very  highly.  The  alteration  of  the  starch  was  apparent!}' 
uniform  throughout  the  grain. 

These  experiments,  though  far  from  exhaustive,  appeal'  to 
show  that  the  course  of  starch  convention  insicie  the  plant  is 
the  same  as  that  which  has  been  demonstrated  in  the  labora- 
tory. 

Before  [eaving  the  aabject  of  the  transformation  of  starch 
some  work  published  in  18iK)  by  Wijsmau  calls  for  a  pasaiog 
notice.  In  all  the  foregoing  experiments  it  has  been  taken  for 
granted  that  diastase  is  a  single  enzyme.  Wijsmau  holds  that 
this  is  incorrect  and  that  under  the  one  name  two  bodies  have 
been  included;  one  of  them  he  calls  malUise.  which  is  not 
however  the  enzyme  several  times  alluded  to  above,  but  more 
nearly  corresponds  to  diastase  itself  iu  that  it  converts  starch 
into  a  mixture  of  maltose  and  erythrodextrin ;  the  second  one 
he  terms  dezlrinase,  and  says  that  the  formation  of  the 
moltodextrin  of  Herzfeld  and  of  Brown  and  Morris  is  due  to 
its  action.  He  agrees  with  the  other  authors  that  maltodextrin 
is  converted  into  maltose  by  his  maltase,  but  says  that  erythro- 
dextrin is  converted  by  dextriuase  into  a  dextrin  which  he 
calls  leucodejirin,  which  does  not  reduce  cupric  oxide  and  is 
not  coloured  by  iodiuu.  To  show  the  presence  of  two  enzymes 
in  the  diastasic  solution  prepared  from  uialt  extract  he  adopted 
the  method  of  allowing  it  to  diffuse  into  a  gelatinous  mass 
made  by  adding  gelatin  to  a  solution  of  Lintner's  soluble 
starch.  When  a  little  diastasic  solution  was  placed  upon  a 
layer  of  the  gelatin  mixture  the  progress  of  the  hydrolysis 
could  be  traced  by  subsequently  tuoisteniug  it  with  iodine 
solution.  After  1—2  days'  action,  the  area  so  treated  formed 
a  colourless  zone  bordered  by  a  violet  ring,  while  the  gelatin 
with  unaltered  starch  was  coloured  blue.  From  this  Wijsman 
concludes  that  the  two  enzj'met'  diffuse  into  the  gelatin  at 
different  rates  according  to  their  concentration.  The  Wolet- 
colourcd  ring  showed  where  the  maltose  had  penetrated  beyond 
the  dextrinase.  while  iu  the  uncoloured  area  both  wei*e  present. 
When  a  portion  of  the  violet-coloured  zone  was  removed  and 
placed  on  a  fresh  film  of  the  starch-gelatin,  and  the  enzyme 
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allowed  to  di6Fimc,  uo  non-coloured  zone  was  observed,  but  all 
was  coloured  violet  by  iodine. 

Wijsman's  results  a]>pear  however  to  be  quite  in  keeping 
with  the  view  that  only  true  diastase  is  concerned  in  the 
transformation ;  its  progressive  action  would  explain  why  the 
centre  of  the  zone  of  influence  was  uncoloured>  while  the  violet- 
coloured  margin  would  indicate  the  earlier  stages  of  tlie 
hydrolysis.  The  porti4jn  of  such  a  zone  renn^ved  would  contain 
relatively  little  diastase  and  hence  the  violet  reaction  would 
be  given  for  a  considerable  time  when  such  a  piece  was  allowed 
to  act  on  the  starch  gelatin. 

There  appears  therefore  very  little  evidence  to  support  his 
h3rpothesia. 


Action  of  diastase  on  glycogen. 

The  hydrolysis  of  glycogen  by  dilute  acids  appears  to 
resemble  somewhat  closely  the  corresponding  process  in  the 
case  of  starch.  According  to  the  recent  work  of  Miss  Tebb 
when  glycogen  is  heated,  not  necessarily  to  boiling  point,  with 
I  per  cent,  of  hydrochloric  acid,  the  opalescent  litjuid  rapidly 
becomes  clear  and  limpid.  If  the  heating  is  stopped  at  that 
stage,  and  the  liijuid  neutralised,  the  latter  is  found  to  give 
A  red  coloxir  with  iodiue  and  U)  reduce  Fehling's  solution.  The 
sugar  can  then  be  removed  by  dialysis,  and  subsequent  satura- 
tion with  ammonium  sulphate  throws  out  a  gummy  precipitate 
which  consists  of  soluble  glycogen.  Afl<!r  complete  removal  of 
this  body,  dialysis  for  several  days  is  necessary  to  remove  the 
ammonium  salt.  Concentration  and  subsequent  addition  of 
excess  of  alcohol  leads  to  the  precipitation  of  an  erythro- 
dextrin. 

More  prolonged  action  of  the  acid,  extending  over  1 — 2 
hours,  transforms  botli  the  soluble  glyc4)gcn  and  the  dextrin  so 
far  that  iodine  ceases  to  give  a  colouration.  Addition  of  alcohol 
then  causes  the  precipitation  of  another  dextrin,  belonging  to 
the  achroo-group,  which  like  the  erj-thnidextrin  first  formed  is 
not  precipitated  by  ammonium  sulphate. 

Miss  Tebb  gives  the  following  table,  showing  the  percentages 
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of  alcohol  necessary  to  precipitate  starch  and  glycogen  and  the 
iatermcdiate  products  of  their  hydrolysis. 

Pei-cenUge  of  alcohol  iiecesnarT-  to 


commence 

oouplet« 

precipitation 

preoipitatioD 

Starch  and  its  jnroducU 

Storch-pnste 

5 

2T 

Soluble  Htarch 

12 

60 

Erythrodextrin 

45 

»0 

Glycogen  and  its  product* 

Glyoogeu 

35-5 

55 

Soluble  glycogen 

44 

50 

Erythrodextrin 

44 

90 

Achroodextrin 

66 

90 

The  action  of  the  diastase  of  saliva  or  malt-extract  differs 
in  some  particulars  from  that  of  dilute  acids.  There  is  uo 
appeai-ance  of  soluble  glycogen  or  of  erythrodextrin,  but 
achroodextrin  is  always  formed.  This  may  only  mran  that 
the  action  is  so  rapid  in  the  early  stages  that  the  first  tvo 
are  directly  hydrolysed  further.  In  addition,  a  new  dextrin 
belonging  to  the  achroo-group  appears,  which  is  peculiar  in 
resisting  conversion  into  sugar.  This  body  Miss  Tebb  has  called 
dystropodexUHn,  identifying  it  with  n  substance  previously  ob- 
tained by  Seegen  from  glycogen  and  called  by  him  by  the  same 
name.  It  appears  to  differ  from  the  other  achroodextriB  by 
requiring  greater  concentration  of  alcohol  fur  its  precipitation. 

The  enzyme  prepared  from  the  liver  acts  similarly. 

The  sugar  formed  from  glycogen  by  diastase  alone  appears 
to  be  maltose,  according  to  Miss  Eves  and  other  observers. 
The  liver  enzyme  jnelds  dextrose  as  it  does  with  starch,  but  as 
already  mentioned  this  is  probably  due  to  gluca-se  being  pieseut 
as  well  as  diastase  in  the  extracts  of  this  organ. 


CHAPTER  V. 

CONDITIONS  OP  THE   ACTION   OF   DIASTASE. 

Throughout  the  foregoing  dlHciission  of  diaHtAaic  hydrol^'siB 
we  have  confiiflpri'ii  the  action  of  diastase  on  Htarch  in  a  general 
senw;,  but  there  are  many  points  which  need  a  further  exami- 
nation. Comparing  the  action  of  the  two  varieties  of  vegetable 
origin  we  have  seen  that  diastAse  of  translocation  dissolves  the 
titarch  grain  without  corrosion,  while  the  Bo-called  secretion- 
diastase  disintegrates  the  grain  before  hydrolysing  it.  When 
these  two  kinds  of  diastase  are  compared  with  regard  to  their 
action  on  Htarch-paste  and  on  a  solution  of  soluble  starch  we 
find  this  difference  of  behaviour  is  emphasised.  The  enzyme 
of  the  scutellar  epithelium  is  capable  of  liquefying  stareh- 
paste  with  great  rapidity,  while  that  of  the  general  vegetative 
body  of  the  plant  has  very  little  power  of  doing  so,  though  it 
can  hydrolyse  soluble  starch  with  the  greatest  ease.  The 
power  of  liquefying  etarch-pasto  and  that  of  eroding  the  starch 
grain  seem  to  go  hand  in  hand  and  to  be  a  property  pre- 
eminently of  secretion-diastase.  This  power  can  be  estimated 
separately  therefore  from  the  hydrolytic  action  which  is  common 
to  both  varieties.  We  may  indeed  speak  of  the  liquefying 
power  and  the  power  of  hydrolj-sing  starch  aa  in  a  way  separate 
from  each  other,  though  we  have  no  instance  of  an  enzyme 
which  will  cairy  on  the  former  process  and  fail  to  secure  the 
latter.  Both  these  properties  of  diastase  are  capable  of  being 
modified  by  variation  of  the  conditions  under  which  the  action 
is  carried  out. 
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The  progress  of  the  hydrolymM  is  further  dependent  to  n 
considerable  extent  upon  the  kind  of  starch  uudergoing  de- 
oompositioD.  Barauetzky  has  carried  out  many  investigations 
upon  this  point,  with  the  result  of  establishing  the  fact  that 
UDgelatiniMed  potato-starch  is  highly  resistant  to  diastase,  while 
most  of  the  starches  of  seeds  are  reatlily  acted  upon.  Buck- 
wheat starch  appears  to  be  perhaps  the  most  easily  hydrotysed. 

Diastases  from  different  sources  appear  to  po^ess  very 
diiferent  powers  of  inducing  hydrolysis.  Roberts  has  compared 
equivalent  quantities  of  umuy  preparations,  with  the  results 
given  in  the  following  table,  taking  the  pancreatic  diastase  of 
the  pig  as  a  standard. 


Pancreatic  Bcorction  of  pig 

...     100 

Human  saliva 

...        10-17 

Pancreatic  juice  of  sheep 

....       12 

,t            ..         oat    

...       11 

Malt  diafiiase  at  60°  C 

...       10 

40- C. 

4-5 

Human  urine        ... 

•03-13 

The  susceptibility  of  diastase  to  differences  of  temperature 
'vs  a  featiire  which  it  shares,  as  already  pointed  out,  with  most 
other  enzymes.  In  each  case  the  action  of  the  fei-ment  is  not 
perceptible  at  0°  C. ;  gradually  rising  with  elevation  of  the 
temperature  it  reaches  an  optimum  point,  or  point  at  which  it 
works  with  greatest  freedom;  beyond  this  its  activity  falls  with 
further  warming  until  at  another  point,  generally  rather  high, 
it  ceases  to  work  and  is  destroyed.  We  note  a  iniininum,  an 
opttmum  and  a  maximuvi  temperature  therefore  in  each  case. 
These  can  be  expressed  in  the  form  of  a  curve,  the  abscisaee  of 
which  represent  degrees  of  temperature  and  the  ordinates 
the  hydrolytic  power  possessed  at  each  temperature,  estimated 
by  the  amount  of  cupric-oxide-reducdng  power  po8ses.sed  by  the 
products  of  digestions  carried  on  at  such  temperatures  for  the 
same  amount  of  time. 

If  we  compare  the  curves  of  the  two  varieties  of  vegetable 
diastase   we   find   that    of   translocation   diastase   rises   more 
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sharply  &om  its  miDimuDa  point  tban  that  of  the  other  form. 
being  as  high  at  4°  C.  as  is  the  latter  at  H'o"  C.  It  reaches 
its  optimum  point  at  +0' — 50^  C,  and  theuce  declines.  The 
cun'o  of  secretion -diastaHe,  though  rising  slowly,  shows  that 
the  optimum  point  of  actiou  is  not  reached  till  50" — 55"  C. 
Complete  curves  of  the  action  of  the  two  varieties  have  be€!D 
published  by  Lintner  and  Eckhardt 

Mullcr  has  quoted  figures  representing  the  relative  staroh- 
transforming  powers  of  diastase  at  different  temperatures.  He 
cArried  out  digestions  at  0"  C.  10  C,  20'  C,  30'  C  and  40'  C, 
and  found  the  relative  rates  of  sugar  formation  were  respec- 
tively 7.  20.  38,  60.  and  98. 

The  optimum  point  of  the  action  of  the  enzyme  of  the 
saliva  and  pancreatic  juice  differs  again  from  those  of  both  the 
vegetable  diastases,  being  apparently  about  38" — 40"  C,  the 
temperature  of  the  body. 

Some  investigations  made  in  1892  and  subsequent  years  by 
Effront  make  it  evident  that  the  action  of  diastase  is  capable 
of  being  materially  modiiied  by  changes  in  the  medium  in  which 
it  is  at  work.  He  has  ascertained  that  the  enzyme  of  malt  is 
favoured  in  its  action  by  weak  traces  of  mineral  acid,  a  fact 
which  was  noted  earlier  by  Bai-anetzky.  Slightly  larger  qtian- 
tities  of  neutral  salt,  such  as  sodium  chloride,  have  the  same 
effect.  Effront  has  found  further  that  there  are  three  classes 
of  bodies  which  have  the  power  of  markedly  increasing  this 
diastaaic  activity.  These  are  salts  of  aluminum,  compounds 
of  phosphoric  acid,  and  various  amidt;  bodies,  among  which 
ttsparagin  is  conspicuous.  In  hie  first  paper  Effront  details 
some  experiments  with  these  bodies  which  are  extremely 
striking. 

The  method  he  adopted  was  that  of  preparing  a  malt 
extract  by  macerating  a  given  weight  of  ground  malt  with 
40  times  its  weight  ot  water.  The  filtered  solution  was  then 
allowed  to  hydii)lyse  a  solution  of  soluble  starch,  the  various 
bodies  influencing  the  digestion  being  added  at  the  same  time. 
The  following  table  gives  the  comparative  results  of  several  of 
them : — 
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Mali 

cstnet 

Starch 
Bolntioo 

Peroeatagff  of 

fonign  body 

iia«d 

UaltoM  forawd 
per  100  ce. 

starch  BolntioD 

1  C.C 

200 

C.C. 

0 

8-63  gms. 

•     l» 

200 

II 

•7  Hydric  ammoaic 
phosphate 

51-63    „ 

*     »l 

200 

n 

*5  Calcic  phosphate 

*612    „ 

'     »J 

200 

n 

-25  Ajniuonia  aluui 

56-3      „ 

^     tl 

200 

if 

*25  Potash  alum 

54-32    „ 

*    »l 

200 

i» 

•'^5  Acetate  of 
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'     n 
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37-0      „ 

*     '» 

200 

)t 

•05  A^puragin 

612      „ 

The  same  relative  results  were  obtained  whatever  was  the 
temperature  of  the  digestion. 
I  It  math  no  diiference  whether  the  diastase  was  submitted 

I  to  the  actiou  of  the  reagents  before  being  added  to  the  starch, 
^^^brhether  they  were  added  to  the  digesting  mixture. 
^^Vln  a  later  paper  E&ont  says  that  an  infusion  of  raw  grain, 
^  loade  in  the  cold,  filtered,  and  boiled  to  destroy  any  diastase 
derived  from  the  grain,  has  a  slighter  but  still  similar  effect, 
L    *>hen  tripling  the  diastasic  power  of  the  malt. 
m         In  these  experiments  the  difference  which  has  been  already 
alluded  to  between  the  two  e6Eects  of  diastase  comes  out  v&ty 
conspicuously.     The   reagents  employed  affect  the  hydrolytic 
action  in  the  manner  described,  but  they  have   little   or  no 
effect  upon  the  power  of  liquefying  starch-paste. 

The  iufluejicc  of  these  reagents  can  only  be  detected  in 
the  earlier  stages  of  the  transformation,  the  maximum  being 
reached  when  about  25  per  cent,  of  the  starch  has  been 
converted  into  maltose.  Beyond  this  point  it  is  much  less  and 
in  the  presence  of  such  a  quantity  of  diastase  as  will  rapidly 
cause  the  saccharification  of  60 — 70  per  cent,  of  the  starch  it 

■  becomes  vei^-  slight. 
Their  utility  has  consequently  by  no  means  such  a  practical, 
application  as  at  first  seemed  probable. 

Effront  points  out  that  the  liquefying  and  saccharifying 
powers  of  malt  extracts  are  not  in  fixed  proportion,  but  vary 

a.  w.  5 
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very  much  in  differeut  cases,  depcuding  upon  the  methods  of 
manufacture  of  the  malt.  _ 

It  haa  been  noticed  by  other  observers  that  addition  ofi| 
protctds  to   malt   exti'actfi  increnAcs   their   hydrolyttc  powers. 
Yeast  cells,  after  their  vitality  has  been  destroyed  by  boiling, 
have  a  considerable  intensifying  action,  which  is  presumably 
due  to  their  proteid  constituents,  fl 

A  similar  influence  has  been  obaen'cd  in  the  case  of  the™ 
diastase  or  ptynlin  of  human  saliva.  Chittenden  and  Ely 
ascertained  that  peptone  has  a  remarkable  effect  upon  starch 
transformation.  In  a  series  of  experiments  carried  out  in  1881 
these  observers  worked  with  quantities  of  100  cc.  of  liquid 
containing  1  per  cent  of  starch,  1  per  cent  of  peptone  ftnd 
25  cc.  of  filtered  saliva.  Controls  were  digested  simultaneou5ljr< 
in,  the  preparation  of  which  the  peptone  was  omitted.  Thi 
mixtures  were  maintained  at  40"  C.  for  45  minutes  and  then 
boiled  to  stop  the  action  of  the  enzyme.  After  being  diluted 
mth  water  to  500  cc  tliey  were  filtered  and  an  aliquot  part 
of  each  was  titrated  with  cupric-potassium-ttvrtratc.  The 
percentage  of  stftrch  converted  into  sugar  was  4  per  oeat 
greater  in  the  presence  of  the  peptone.  Similar  exporiraent* 
with  glycogen  instead  of  starch  yielded  the  same  results.  The 
quantity  of  peptone  moat  favourable  to  the  digestive  procesa 
was  found  to  be  1  per  cent. ;  increase  of  the  amount  had  little 
or  no  additional  effect 

Chittenden  and  Ely  found  further  that  the  addition  of 
"025  per  cent  of  hydrochloric  acid  to  the  digestion  containing 
1  per  cent  of  peptone  was  still  more  atlvantageous;  the 
quantity  of  starch  transformed  amounting  to  48  per  cent,  as 
against  41  per  cent,  when  saliva  alone  was  used.  H 

Langley  and  Eves  have  endorsed  with  a  certain  reserve  the  " 
statemuut  of  the  influence  of  peptone,  but  they  came  to  an 
opposite  conclusion  to  Chittenden's  when  they  added  acid  in 
addition.  In  their  experiments  they  found  that  the  maximum 
•effect  of  peptone  was  reached  with  a  rather  low  percentage  of 
the  proteid ;  when  the  saliva  was  diluted  10  times  the  most 
advantageous  nmount  of  |>ept*>ne  was  1  per  cunt.  They  state 
in  opposition  to  Chittenden  and  Ely  that  peptone  combined 
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with  hydrochloric  acid  retai*dh  the  action  of  the  diastase,  and 
the  retardation  ia  greater  the  nearer  is  the  point  of  saturation 
of  the  peptone  by  the  acid.  Langley  and  Kves  found  also  that 
myosin,  alkali-albumin,  and  acid-albumin  act  like  peptone  and 
that  albumin  probably  has  the  same  effect. 

It  was  mentioned  above  that  according  to  Baranetzky  small 
traceH  of  neutral  asdts  accelerate  the  action  of  malt  dioHtase. 
Nasse  states  that  this  influence  of  certain  neutral  salts  is 
maintained  till  the  pruporLiuu  of  the  salt  reaches  4  per  cent. 
Chittenden  and  Ely  found  that  by  using  '024  per  cent,  of  sodium 
chloride  the  diastasic  activity  of  saliva  was  incret^ed  about 
6  per  cent.,  and  with  "03  per  cent,  of  calcium  phosphate  it  rose 
3  per  cent.  With  hydric-di&jdic  phosphate  there  was  on  the 
other  han<l  a  slight  diminution  of  the  activity. 

.  Oaboni  and  Campbell  also  state  that  sodium  chloride  is 
beneficial,  sometimes  increasing  the  diastasic  activity  of  a 
solution  seven-fold. 

.  Muller  point;;  out  au  interesting  circumstance  connected 
with  the  action  of  diastase  in  the  vegetable  cell.  Under 
ordiiiar)'  conditions  the  coll-sap  in  the  vacuole  of  such  a  cell 
contains  a  considerable  quaTitity  of  CO„  corresponding  in  some 
oa«ea  to  a  pressure  of  several  atmospheres.  Even  at  ordinary 
pressures  saturation  of  the  liquid  of  a  digestion  with  CO,  may 
triple  the  energy  of  the  diastase.  lu  presence  of  CO,  diastase 
can  act  on  unboiled  starch. 

The  evidence  respecting  the  action  of  traces  of  free  acid 
upon  diastase  is  conflicting.  Baranetzky  pronounced  the  pre- 
sence of  such  traces  to  be  favourable.  He  has  been  confirmed 
by  Efl'ront  and  by  Brown  and  Morris.  Chittenden  and  Griswold 
have  stated  that  the  ptyalin  of  .'uiliva  acts  most  energetically  in 
the  presenctj  of  -005  per  cent,  of  hydi-ochloric  acid.  Astachewsky 
has  pointed  out  that  human  parotid  saliva  is  sometimes  acid 
and  says  that  then  it  is  more  active  than  the  alkaline  parotid 
saliva  collected  at  other  times. 

On  the  other  hand  I.Angley  and  Eves  found  that  the  action 

I  of  neutralised  saliva  was  retarded  by  the  presence  of  free 
hydrochloric  acid,  as  tittle  as  0015  per  cent  having  a  distinct 
effect  in  this  direction,  while   005  per  cent,  was  very  strongly 
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inhibitory.     The  retarding  effect  increased  rapidly  as  the  per- 
centage of  the  acid  was  increased. 

When  the  proteida  of  saliva  were  saturated  with  acid,  they 
found  a  diminution  of  diastasic  action,  though  no  free  acid  wm 
present.     This    diminution   was    made   more   marked   bjr   the  ^ 
addition  of  the  smallest  quantity  of  free  acid.  H 

Chittenden  and  Ely  came  to  the  same  conclusion  with  " 
regard  to  the  influence  of  hydrochloric  acid.  With  '025  p<ir 
cent  of  the  latter  present  in  a  digestion,  they  found  that  the 
amount  of  sugar  produced  was  only  about  8  per  cent,  of 
that  formed  in  a  similar  digestion  without  the  acid.  Osbom 
and  Campbell  .state  that  the  same  thing  is  true  of  citric 
acid,  as  well  as  hydrochloric. 

Langtey  and  Eves  suggeat  that  the  beneficial  effect  of  the 
small  traces  of  acid  ('005  per  cent.)  noticed  by  Chittenden  and 
Griswold  may  be  explained  by  the  tact  that  saliva  is  normally  ■ 
faintly  alkaline,  and  the  acid  would  probably  merely  neutralise 
this  alkalinity.  Saliva,  according  to  them,  works  most  favourably 
in  a  completely  neutraJ  solution.  Chittenden  says  however  that 
its  reaction  is  due  to  alkaline  phoephatea  and  not  to  free  alkali. 

The  influence  of  the  free  acid  appears  not  to  be  merely 
inhibitory,  but  the  enzyme  is  destroyed  by  iL  If  acid  is  al- 
lowed to  remain  in  contact  with  the  diastase  for  some  time  and 
is  then  removed  by  dialj'sis,  the  enz^vme  has  afterwards  no 
m(H%  power  to  h}-drolyse  starch  than  it  ha.s  when  the  acid  is 
added  to  the  starch  solution  in  which  digestion  is  going  on. 

Weak  alkalis  also  have  a  deleterious  influence  on  the  actioD 
of  diastase.  ChilU^udeu  and  Ely  found  that  when  "ti  per  cent, 
of  sodium  carbonate  was  added  to  a  starch  digestion^  the  m 
diastasic  activity  of  the  saliva  was  only  about  one  fourth  what 
it  was  in  the  abseuoe  of  the  salt  With  '3  per  cent,  the 
power  was  about  half  and  with  1  per  cent  about  two  thiixls  of 
that  possessed  by  the  unaffected  sali\-a. 

Ijuigley  and  Eves  found  a  distinctly  inhibitory  action  bo  be 
manifested  by  the  presence  of  as  little  as  '0015  per  cent  of 
sodium  carbonate.  Sodium  hydrate  was  still  more  deleterious 
than  the  carbonate: 

Comparing   the  action   of  acids   and   alkalis,  the   tnie   ot 
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decrease  of  the  action  of  ptyaliu  uuder  the  influence  of  the 
latter  is  slow  compared  with  that  of  the  free  acid. 

Another  difference  between  the  two  is  that  while  both  are 
atrODgly  inhibitory,  the  weak  alkali  is  not  destructive  of  the 
enzyme.  If  it  is  removed  by  dialysis  the  diastase  is  found  to 
po6ses8  nearly  its  original  starch-transforming  power.  Sodium 
carbonate  therefore  works  by  impeding  the  action  of  the  enzyme, 
while  hydrochloric  acid  destroys  it. 

Chittenden  and  Ely  have  ascei-tained  that  the  inhibit()ry 
eflect  of  both  acids  and  alkalis  is  diminished  by  the  coincident 
presence  of  peptone.  Langley  and  Eves,  while  disputing  this 
in  the  case  of  acid,  agree  with  the  other  observers  in  the  case 
of  alkali.  They  say  that  the  favourable  influence  of  peptone 
makes  itself  felt  with  very  high  percentages  of  the  alkaliue 
salt. 

Brown  and  Morris  state  that  the  presence  of  tamiin  is  very 
prejudicial  to  the  action  of  diastase;  this  fact  has  no  doubt 
considerable  importance  when  an  attempt  is  made  to  ascertain 
the  amount  of  diastase  in  such  vegetable  tissues  as  contain 
tannin.  It  is  not  only  inhibitory  of  the  diastasic  action,  but  its 
presence  is  a  formidable  obstacle  to  its  extraction  from  the 
tissue. 

It  has  been  mentioned  in  a  preceding  chapter  that  it  is  only 
with  considerable  difficulty  and  delay  that  the  whole  of  the 
starch  in  a  digestion  is  converted  into  maltose.  Different 
observers  agree  in  noticing  this,  though  they  differ  as  to  the 
amount  which  resists  the  change.  Musculus  only  succeeded  in 
transforming  33  per  cent,  of  the  starch  he  used ;  Payeu  was 
able  to  convert  527  per  cent.,  while  Brown  and  Morris  give 
as  the  usual  result  of  a  starch  traiiKformation  SO  per  cent,  of 
maltose,  aud  20  per  cent,  of  dextrin. 

As  the  digestion  proceeds  more  and  more  difficulty  iH  found 
to  attend  its  progress.  This  is  possibly  due  to  an  inhibitory 
action  exerted  by  the  products  of  the  hydrolysis.  Shendan 
Lea  has  thrown  some  light  upon  this  question  by  carrying 
oat  starch  transformations  simultaneously  in  flasks  aud  in 
dialysing  tubes  suspended  in  a  stream  of  running  water.  In 
the  former  apparatus  the  difficulty  noted  by  other  observers 
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was  met  with,  but  in  the  Utter  nearly  all  the  starch  was  con- 
verted into  sugar.  Lea  states  that  under  such  conditions  the 
rate  at  which  the  digestion  takes  place  is  increased,  and  the 
total  amount  of  starch  converted  into  sugar  is  much  gi-eatcr, 
while  the  residue  of  dextrin  is  much  less  than  under  conditions, 
otherwise  similar,  when  the  products  are  not  removed.  Brown 
and  Morris  deny  that  the  inhibition  is  due  to  the  presence  of 
maltose.  They  found  that  when  maltose  was  added  to  a 
mixture  of  starch  and  diastase,  the  course  of  the  action  was  not 
affected  but  that  80  per  cent  of  the  starch  still  underwent 
complete  hydrolysis. 

When  a  digestion  is  prolonged,  this  inhibition  is  seen  even 
in  glass  vessels  to  be  only  a  retaitling  of  the  action.  Bi-own  and 
Morris  ijuute  one  experiment  in  which  digestion  was  continued 
for  20  days,  chlorofoi-m  being  used  to  prevent  putrefactive 
changes.  At  the  end  of  that  time  924  per  cent,  of  the  starch 
dissolved  had  been  converted  into  maltose. 

Another  fact  of  great  interest  is  that  diastase  in  not  ex- 
hausted by  coutinued  activity.  This  we  have  seen  to  be  a 
property  of  enzymes  in  general.  It  was  first  established  by 
Foster  in  the  course  of  nn  examination  of  the  properties  of 
saliva.  Moritz  and  Gtendinning  have  noticed  the  same  pe- 
culiarity in  the  case  of  malt  diastase,  which  they  say  is  as 
potent  at  the  end  of  a  fermentation  a.s  at  tht?  beginning,  so  long 
as  the  temperature  is  at  or  below  the  uptiuium  point.  If  the 
digestion  is  carried  out  at  a  point  higher  than  this,  the  en^'me 
loses  power,  but  they  consider  this  to  be  due  to  the  temperature 
and  not  to  anything  of  the  nature  of  exhaustion.  A  curious 
fact  comes  out  in  their  experiments ;  in  some  worts  they  found 
that  the  diastase  ceased  to  convert  starch  into  maltose  before 
the  transformation  of  all  that  was  present  was  complete.  When 
a  further  quantity  of  starch  was  added  to  the  digestion,  the 
trausformation  was  resumed  and  was  carried  to  the  same  limit 
as  at  fintt 

Conditions  of  the  secretion  of  diastase. 

In  the  simplest  organisms  in  which  the  secretion  uf  diastase 
occui¥,6uch  as  bacteria  or  moulds^  or  among  the  higher  plants  in 
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Booh  simple  structures  as  pollen  gr&ioR,  the  formation  of  the 
enxyme  is  found  to  have  a  direct  bearing  upon  the  question  of 
tlie  natrition  of  the  organism.  Lauder  Brunton  and  Mac 
Fadyen  found  that  a  microbe  upon  which  they  ivere  experi- 
menting secreted  diastase  when  it  was  cultivated  upon  starch 
paste,  but  did  not  do  so  when  the  culture  medium  was  meat- 
broth.  In  this  case  it  gave  origin  to  a  peptonising  en^me. 
Pfeffer  has  found  that  in  the  case  of  several  of  the  mould  fungi 
the  secretion  of  diastase  depends  upon  similar  conditions.  In 
the  case  of  the  pollen  grains  of  several  species  of  plants  the 
appeaiBnce  of  diastase  only  becomes  noticeable  afler  the 
abeorption  of  a  trace  of  sugar  by  the  grain.  During  the 
growth  of  the  puUen  tube  the  writer  has  noticed  that  the 
quantity  of  diastase  is  continuously  increased,  presumably  in 
consequence  of  the  growing  amount  of  nutritive  mutorlal  acting 
as  a  stimulus  to  the  protoplasm  of  the  pollen.  This  is  very 
noticeable  in  the  case  of  special  h-pecies  of  Liliam.  In  Zamia 
no  diastase  can  be  detected  in  the  ungerminated  pollen  groins. 
but  on  the  absorption  of  either  cuue  sugar  or  glucose,  even 
before  visible  uxtnision  of  the  pollen  tube  has  taken  place,  a 
sfoaU  amount  of  the  eozyrue  can  be  found  to  have  been 
secreted.  The  secretion  of  diastase  by  pollen  is  not  altogether 
dependcut  upon  such  absorption,  for  in  the  case  of  Lilium  there 
is  a  considerable  formation  when  the  grains  are  germinated  in 
pure  water.  Here  the  necessary  stimulus  for  the  increased 
secretion  muy  have  been  afforded  by  the  transformation  of  a 
small  quantity  of  the  reserve  starch  existing  in  the  resting 
grain  by  the  diastase  also  present  in  its  ungerminated  condition. 

The  secretion  of  diastase  by  the  scutellar  epithelium  of  the 
gnssee  does  not  appear  to  be  caused  by  similar  conditions. 
Barley  embryos  cultivated  by  Brown  and  Morris  upon  gelatin 
containing  starch  grains  did  not  form  more  diastase  than  similar 
embryos  cultivated  upon  gelatin  alone.  The  influence  of  the 
cttlture  medium  in  this  case  does  not  appear  to  be  the  same  as 
in  the  case  of  the  micro-organisms  already  mentioned. 

In  some  other  experiments  the  same  authors  found  that 
while  certain  barley  embryos  attacked  and  dissolved  starch 
grains  suspended  in  gelatin,  others,  precisely  similar,  left  the 
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starch  untouched  wheu  a  small  amount  of  an  assimilable  Bugar 
had  been  added  to  the  gelatin-starch  medium.  In  this  case,  bo 
long  as  any  sugar  remained  unabsorbed  by  the  young  plantlet, 
the  fitarch  grains  escaped  disintegration.  They  wure  attacked 
however  ae  soon  as  the  supply  of  sugar  was  exhausted. 

The  authors  ascertainc<l  that  in  these  cases  there  was  no 
question  of  iuhibitiou  of  the  acttori  of  diastase  by  the  sugar, 
but  that  in  the  presence  of  bhc  latter,  the  epithelial  cells  of 
the  scut«Uum  actually  did  not  secrete  the  enzyme.  This  in- 
hibition of  secretion  was  only  cause<l  by  such  carbohydrates  as 
wore  directly  as»uiiilable  by  the  embrj'os.  other  caibohydratea, 
especially  mannitol  and  lactose*  which  are  of  no  use  in 
nutrition,  being  incapable  of  exerting  any  inhibitory  power. 

Not  only  the  complete  embryo  but  sections  of  the  scutellum 
covered  by  the  epithelium  showed  this  inhibition  of  secretion 
by  assimilable  carbohydrates. 

The  phenomenon  of  secretion  in  the  case  of  the  scutellar 
epithelium  appears  to  be  one  jLSSiKiiated  with  tstarviition.  As 
long  as  readily  asaimilahle  substances  are  supplied  the  secretion 
of  diastase  does  uut  take  place,  but  when  no  such  substances 
are  available,  diastase  is  formed  at  once. 

When  barley  is  examined  during  the  process  of  germination, 
the  epithelium  is  found  nut  to  begin  immediately  to  secrete 
the  euzyme.  Petit,  who  has  studied  the  question,  has  ascer- 
tained that  diastase  does  not  appear  in  germinating  barley  till 
the  fourth  day.  It  n'liehes  a  maximum  almost  at  once  and  then 
gradually  diminishes  till  the  ninth  day,  when  the  gi-ain  contains 
about  one  twentieth  part  of  what  it  possesses  at  the  maximum. 
This  fact  supports  Brown  and  Morris's  view  of  the  stimulus  to 
seci-etioQ  being  one  of  starvation.  During  the  early  pjirt  of  the 
period  of  germination  the  embryo  is  feeding  upon  the  carbo- 
h3'drates  it  contains:  its  needs  at  that  period  arc  small,  and  it 
is  not  till  growth  has  become  vigorous  that  it  needs  to  draw 
upon  the  reserves  deposited  in  the  endosperm.  After  the  ninth 
day  these  reserves  are  considerably  depleted,  aud  the  young 
embryo  having  by  this  time  developed  its  rootlets  is  able  to 
di-aw  in  nutriment  from  without. 

Brown  and  Morris  also  found  that  the  secretion  gradually 
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increaaea  during  germinatiou.  They  differ  from  Petit  however 
in  saying  that  the  maximum  secretion  is  not  reached  so  soon. 
They  found  a  decided  increase  from  the  fourth  to  the  seventh 
day. 

The  stimuhis  of  starvation  has  been  observed  also  by 
Wortiniirin,  who  has  found  that  a  certain  microbe  has  the  |X)wer 
of  excreting  a  starch-dissolving  enzyme  when  starch  grains  are 
the  only  available  food,  but  that  no  secretion  takes  place  if 
sagar  or  tartaric  acid  is  offered  to  the  organism  along  with  the 
starch. 

The  same  thing  has  been  observed  in  connection  with  other 
enzymes. 

Id  the  animal  body  the  formation  of  diastatte  ia  largely 
dependent  on  nervous  impulses.  The  salivar)'  glands  are  those 
most  easily  examined.  Each  in  the  higher  mammals  is  supplied 
by  nerves  derived  from  the  cerebro-spiual  and  from  the  sym- 
pathetic systema.  Stimulation  of  cither  nerve  is  followed  by 
on  increased  How  of  saliva  and  consequently  by  an  increased 
formation  of  the  characteristic  enzyme.  The  stimulation  may 
be  either  direct  or  reflex,  the  latter  method  being  that  which  is 
called  into  play  during  normal  secretion.  Sapid  substances 
placed  on  the  tongue,  or  even  the  smell  of  food,  will  cause  an 
increased  How  of  saliva.  A  detailed  examination  of  these 
phenomena  would  however  be  beyond  the  scope  of  the  present 
work.  It  will  suffice  to  say  that  if  salivary  glands  are  cxamineil 
before,  during,  and  after  excitation  of  the  nerves  with  which 
the  glands  are  supplied,  the  appearances  lead  to  the  conclusion 
that  such  stimulation  produces  the  changes  in  the  gland  cells 
which  indicate  a  fomiiition  of  the  solid  constituents  of  the 
secretion  from  the  protoplasm  of  the  cells,  and  a  subsequent 
extrusion  of  them  together  with  a  certain  flow  of  fluid  derived 
from  the  lymph  with  which  the  secretory  tubules  are  bathed. 

The  physiological  object  of  the  secretion  of  diajstase  must  in 
nearly  all  cases  be  the  digestion  of  solid  starch  or  glycogen  writh 
a  view  to  the  absorption  and  utilisation  of  the  soluble  and 
diffusible  products  which  the  enz)Tne  forms.  This  digcjition 
may  be  extracellular,  as  in  the  cases  of  the  secretions  of  saliva, 
pancreatic  juice,  secretion -diastase  ns  supplied  by  the  scutellnr 


74  COXDITIONS  OF  THE  SECRETION  OP  DU8TA8E.      [CH.  v] 


epithclinm,  and  certain  bactemi  diastases.  Again  it  may  be 
intracellular  as  in  the  cases  of  the  liver,  and  the  ordinary 
vegetable  reservoirs,  such  as  potato  tnbens.  The  translocatioo 
of  starch  in  the  cells  of  foliage  leaves  and  other  green  pai-ta  of 
plants  belongs  to  the  same  class  of  phenomoua.  The  immediate 
result  is  in  both  cases  one  of  nutrition,  either  of  the  whole 
organism,  or  of  the  cell  in  which  the  changes  may  be  seen. 
In  the  guard-cells  of  stomata  the  transformation  of  starch 
appears  to  have  a  different  meaning.  The  function  of  these 
cells  is  piimarily  if  not  entirely  the  regulation  of  transpiration, 
or  the  escape  of  watery  vapour  fmm  the  interior  of  the  plant. 
When  the  guard-cplls  are  Lnrgid  from  the  absorption  of  water 
into  their  interior,  they  become  convex  and  separate  slightly, 
allowing  the  aperture  between  them  to  be  enlarged.  The 
working  of  the  etomata  consequently  depends  upon  their 
power  of  absorbing  water  from  the  cells  on  which  their  guard- 
cells  abut.  This  water  is  attracted  into  them  by  osmosis,  and 
this  physical  process  depends  upon  their  containing  substances 
which  have  an  attraction  for  water,  or  an  osmotic  affinity.  Tlie 
affinity  possessed  by  starch  is  practically  nil,  but  sugars  and  the 
acida  derived  from  the  latter  possess  a  considerable  power  of 
attracting  water.  Digestion  of  the  starch  by  the  diastase  in 
these  cells  consequently  leads  to  the  development  in  them  of 
osmotic  powers  which  must  be  of  great  value  in  causing  their 
change  of  shape  in  the  ordinary  course  of  the  transpiration 
process. 
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Bksideij  stArch  and  glycogen  carbohydrate  reserve-mftterial 
occurs  in  the  vegetable  kingdom  in  the  shape  of  iQulin.  It 
usually  exists  in  a  condition  of  solution  in  the  Bap  of  the  celU 
which  constitute  the  reservoir,  and  may  be  precipitated  there- 
fix>m  by  the  addition  of  alcohol. 

Inulin  as  a  reeerve-material  has  a  wider  diati-ibution  than 
was  till  recently  known  to  be  the  ca^.  It  has  long  been 
recognised  in  a  group  of  plants  which  are  prominent  among 
the  Compusitao,  the  chief  of  which  arc  the  genera  Dahlia, 
HelianOms,  Inula  and  Atractylis.  These  plants  possess  either 
tubers,  or  tuberous  or  fleshy  roots,  and  in  these  the  stores  of 
inulin  are  located.  More  recently  it  has  been  ascertained  that 
inulin  is  a  very  common  reserve  materia!  in  many  Monocoty- 
ledons, occurring  in  great  abundance  in  many  of  the  bulbous 
Liliaoeae  and  Amaryllidaceae  as  well  as  in  other  Natural  Orders 
related  lo  them,  llere  it  may  be  found  in  the  leaves  and 
other  parts  concerned  in  active  vegetative  metabolism  as  well 
as  in  the  seats  of  storage  of  reserve  materials,  the  bulbs  or 
corrns  which  are  so  characteristic  of  these  Nattinil  Orders. 

Inulin  can  be  detected  in  such  stnictures  as  the  tuber  of 
the  artichoke  {Hetianthua  tuherosus)  by  steeping  pieces  of  the 
tissue  in  alcohol  for  some  time  and  then  immersing  sections  of 
the  honlcned  material  in  water,  when  it  is  found  to  crystallise 
out  in  the  form  of  sphaerocrystaU,  sometimes  of  large  size. 
These  are  seen  to  consist  of  needles  s}nn metrically  arranged  so 
as  to  radiate  fix)m  a  common  centre.     They  may  be  found  in 
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the  interior  of  the  cell,  or  may  exteud  through  several  cells, 
formiug  a  comparatively  large  aggregation,  visible  in  such  a 
case  to  the  naked  eye.  The  fleshy  roots  of  the  Dandelion 
{Taraxacum),  the  Helicampaae  (Inula  Hdenium%  also  yield 
these  crystalH  on  similar  treatment. 

In  the  cells  of  the  tissue  of  the  bulb-scales  of  the  snowdrop 
(Oalanthus)  and  other  Amaiyllidaceae  the  crystalline  appearance 
is  not  so  readily  presented,  but  the  inulin  may  be  detected  in  a 
somewhat  auioqihouN  form. 

Inulin  is  insoluble  in  cold  water,  but  may  be  prepared  from 
thei$e  plants  by  boiling  the  tissue  containing  it  with  targe 
quantities  of  water,  concentrating  the  decoction  so  obtained, 
and  allowing  it  to  stand  till  it  deposits  a  sediment.  This  must 
then  be  redissolvud  in  a  small  quantity  of  hot  water,  decolour- 
ised by  boiling  with  animal  charcoal  and  again  concentrated. 
when  fiiirly  pure  inulin  ia  gradually  deposited.  It  can  be  further 
purified  by  redijy*olving  it  and  again  evaporating,  when  the 
inulin  Is  once  mure  precipitated;  finally  it  should  be  well 
washed  with  cold  water  containing  a  little  alcohol. 

Inulin  80  prepared  is  a  white  powder  which  is  readUy 
soluble  in  warm  water  and  which  remains  in  solution  when  the 
liquid  cools.  Very  little  can  be  dissolved  by  cold  water,  and  it 
is  insoluble  in  alcohol  A  solution  of  it  can  be  precipitated  by 
the  addition  of  the  latter  reagent,  the  precipitate  occurring 
when  the  percentage  of  alcohul  in  the  liquid  reaches  65. 

The  composition  of  inulin,  like  that  of  starch,  cannot  yet  be 
said  to  be  definitely  ascertained.  The  formula  usually  given 
for  it  is  Ci,H«,0„  2H,0.  Under  the  action  of  hydratiug  agents 
such  as  mineral  acids  it  is  converted  into  fructose*  a  sugar 
which  has  a  laevo-rotatory  power  [a]„  =  — 106".  Inulin  itself 
has  a  speciHc  rotatory  power  of  [tt]D  =  — 39't)^ 

Inulin  can  be  converted  into  fructose  by  boiling  its  watery 
solution  under  pressure,  or  by  allowing  it  to  remain  in  contact 
with  culd  water  for  a  lengthened  period,  care  being  taken  to 
prevent  the  access  of  micro-organisms. 

In  the  process  of  germination  of  the  tuber,  or  in  the 
resumption  of  growth  of  the  plant  from  the  fleshy  roots,  the 
transformation  of  inulin  intu  sugai*  is  brought  about  by  the 
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action  of  an  enzymo  to  which  the  name  inutase  has  been  given. 
The  existence  of  this  enzyme  was  first  demonstrated  by  the 
writer  in  1887,  when  the  germination  of  the  tuber  of  the 
artichoke  was  made  a  subject  of  exaraiuation. 

Examination  of  the  young  shoots  and  roots  anting  from  the 
genaiaating  tuber  showed  that  while  inulin  was  present  in 
them,  they  contained  also  a  far  larger  proportion  of  sugar  than 
was  present  iu  the  resting  tuber  of  the  plant.  The  sap  of  the 
tuber  when  expressed  was  almost  neutral;  very  seasitivc  litmus 
paper  showed  a  faint  trace  of  acid,  but  too  little  to  account  for 
the  conversion  of  inulin  into  sugar  by  its  instrumentality. 

Tubers  of  the  artichoke  were  allowed  to  germinate  till  the 
young  plants  arising  from  them  had  attained  a  height  of  about 
sbc  inches  above  ground  The  tissue  of  the  tuber  by  this  time 
had  been  considerably  altered,  the  interior  having  become 
spongy  and  the  cells  almost  empty,  while  on  the  outside  and 
for  some  distance  inwards  it  was  firm  and  succulent.  Tubers 
in  this  condition  were  minced  finely  and  extracted  with 
glycerine,  in  which  inulin  is  insoluble.  After  twenty-four 
hours  the  glycerine  was  strained  oflf  and  dialysed  in  several 
changes  of  water,  till  the  dialysate  &i1ed  to  reduce  Fehling's 
solntion. 

A  small  quantity,  about  10  c.c,  of  such  an  extract  was  then 
mixed  with  abont  4  times  its  volume  of  a  one  per  cent,  solution 
of  inulin  and  put  into  parchment  dialysing  tubes,  which  were 
suspended  in  about  200  cc  of  distilled  water,  thymol  being 
used  to  prevent  the  action  of  micro-oi^nisms.  A  control 
experiment  was  set  up  at  the  same  time,  iu  which  the  extract 
of  the  tubers  employed  had  been  boiled  to  destroy  any  enzyme 
that  might  be  present 

The  dialysatefl  were  changed  at  intenals  of  24  hours  and 
each  as  it  was  removed  was  tested  for  sugar. 

H}'xirolysia  of  the  inulin  in  the  tubes  containing  the  unboiled 
rtract,  began  gradually  and  proceeded  regularly  for  several 
Says,  the  difference  between  the  dialyaates  of  the  boiled  and 
unboiled  tubes  becoming  more  and  more  emphasised  as  the 
digestion  proceeded.  That  in  which  the  boiled  extract  was  sus- 
pended contained  no  sugar  after  one  or  two  changes,  wliilc  that 
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suTTounding  the  unboiled  extract  continued  to  give  a  copious 
reducbioa  of  Fehling's  solutiou. 

Similar  results  wore  obtained  when  the  digestions  were 
carried  on  in  glass  vessels,  a.  continuous  formation  of  sugar 
being  indicated. 

Coincidently  with  the  appearance  of  sugar  in  the  dialysates, 
the  amount  of  inulin  in  the  parchment  tubes  underwent  a 
regiilar  diminution.  The  amount  of  precipitate  thrown  down 
by  alcohol  from  the  fluid  containing  the  unboiled  extract  of  the 
tabers  became  less  and  less  as  time  went  on,  measured  quantities 
being  withdrawn  for  each  obeervation.  Similar  quantities 
taken  from  the  controls  showed  no  such  diminution. 

From  those  result^)  it  is  evident  that  the  gxirminating 
artichoke  contains  an  enzyme  by  whose  instrumentality  inulin 
is  tmnsformcd  into  some  form  of  reducing-sugar.  The  time 
taken  up  in  the  experiments  is  possibly  to  be  accounted  for  by 
the  very  small  quantity  of  the  enzyme  present  and  its  dilution 
in  the  process  of  extraction.  In  the  artichoke  it  is  probable 
that  it  only  exists  at  any  particular  time  in  the  cells  whose 
contents  are  actually  being  hydrolysed,  and  as  it  takes  several 
weeks  for  the  conversion  into  sugar  of  the  inulin  present  in  any 
tuber,  there  must  be  very  little  of  the  enzyme  to  be  found  at 
any  one  moment. 

This  enzyme,  inulase,  cannot  be  found  in  the  tuber  in  the 
resting  condition,  nor  is  it  easy  to  demonstrate  its  presence 
until  the  young  stems  begin  to  emerge.  Once  found,  however, 
its  presence  can  be  demonstrated  so  lung  as  any  iuulin  reroairm 
in  the  germinating  tuber. 

During  the  progress  of  the  growth  of  the  young  stems,  they 
maybe  found  to  contain  inulin,  which  occupies  the  centre  of  tho 
shoot  and  leaves  the  ciiTumfereucc  free.  Iuulin  posttesscs  a 
feeble  power  of  dialysis,  and  it  is  no  doubt  by  means  of  this  that 
it  passes  from  the  tuber  into  tho  shoot.  The  inulin  cannot  be 
traced  up  to  the  growing  point,  but  stops  abruptly  just  behind 
the  actively  growing  zone.  It  is  aooompanied  in  its  progress  by 
sugar,  which  extends  further  forwards  towards  the  growing  point. 
The  transformation  under  the  action  of  inulase  is  not  therefore 
confined  to  the  tuber,  though  it  originates  there.     The  enz}'me 
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U  preseut  in  the  growiug  shoot,  aud  coDtiuues  to  h^'drolyae  the 
inulin  as  growtli  proceeds. 

The  occurreDce  of  iaulin  in  this  region  may  be  due  to 
another  cause  than  dialysis  or  transport  of  the  store  in  the 
tuber.  It  may  be  brovight  about  by  the  supply  of  sugar  beiug 
in  exceas  of  the  needs  of  the  growing  cells,  the  surplus  being 
temporarily  converted  again  into  inultu.  Such  a  reconversion 
is  a  matter  of  constant  occurrence  in  the  case  of  supplies  of 
starch  in  other  plants  where  the  latter  is  the  form  iu  which 
the  reserve  store  of  carbohydnite  material  occurs. 

The  occurrence  of  inulase  has  been  observed  by  Bourquolot 
in  the  fungus  Asperffillwt  nvjer.  When  cultivating  its  spores 
in  difi'ereut  media  during  the  j'ear  18S5  he  found  tliat  they 
were  capable  of  gruwing  in  a  solution  containing  inulin  as 
fireely  as  in  others  which  contained  glucose  or  cane-RUgar. 
At  that  time  the  enz^nne  had  not  been  described,  but  on 
returning  to  the  subject  in  1893  Boun|ueIot  was  able  to  prepare 

from   the  mycelium   of  the  fungus.     Aspergillus  contains 
enzymes,  but  he  was  able   to  convince   himself  that 
was  present  and  was  a  distinct  entity,  quite  unlike 
diastase. 

Chevastelou  has  shown  that  the  inulin  which  can  be  pre- 
pared from  the  Natural  Ordera  of  Monocotyledons  already 
alluded  to  is  capable  of  hydrolysis  by  thi;  inulosc  derived  from 
Aspergillus.  He  worked  especially  with  the  inulin  contained 
in  garlic. 

The  presence  of  this  carbohydrate  in  such  abundance  in 
Monocotyledons  suggests  that  inulase  is  present  in  them  also. 
Up  to  the  preseut  year  however  it  had  not  been  identified  there. 
Recently  the  wxitcr  has  ascertained  that  it  can  be  obtained 
from  the  bulbs  of  Leucojttm  and  Scilla.  Its  existence  is  most 
easily  deu iun.itrated  in  the  genniiuiting  bulb,  at  the  time  when 
the  flowers  are  just  formed  and  before  they  have  expanded. 
The  method  used  by  the  author  was  exactly  the  same  as  that 
^escribed  above,  and  the   enzyme   behaves  in  the  same  way 

that  of  the  artichoke.  It  is  more  difficult  to  exti-act  on 
account  of  the  mucilage  present  in  the  cells. 

The  enzyme  appears  in  all  cases  to  be  mainly  if  not  entirely 
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conBncd  to  thu  oelbi  in  which  the  actual  conversion  of  the 
inulin  i»  taking  place. 

The  action  of  inula^je  can  beut  be  studied  by  carrying  out 
the  digestion  in  dialysing  tubes.  In  the  author's  expcrimenLs 
such  digestiunB  were  earned  on  under  antiseptic  precautious  for 
several  days,  the  dial^'sates  being  changed  every  24  hours. 
The  first  three  days'  dialysates  were  rejected,  to  ensui-e  that 
whatever  might  be  found  in  the  later  ones  besides  inulin  should 
be  only  the  products  formed  by  the  action  of  the  euzyme.  The 
fluid  was  of  course  bulky  and  contained  only  a  relatively  small 
quantity  of  carbnhydrates.  The  later  dialysates  were  mixed 
and  concentrated  over  water  btitlis  till  of  small  volume,  when 
they  had  a  syrupy  appearance  and  consistency.  The  syrupy 
liquid  wns  found  to  contain  three  bodies  which  could  be 
separated  from  each  other  by  treatment  with  alcohoL  The 
first  of  them  vraa  a  sugar  which  was  separated  by  extmcting 
the  residue  with  absolute  alcohol.  About  half  of  the  syrup 
dissolved,  and  on  couceutratiug  the  alcoholic  liquid  over  a 
water  bath,  it  again  became  syrupy  and  remained  so,  refusing 
to  crystallise,  even  when  exposed  over  stnjng  sulphuric  acid. 

Afler  separation  from  the  sugar  the  residue  was  treated 
with  cold  and  subsequently  with  hot  water.  A  good  deal  of  it 
4li.'K«>Wed  in  the  culd  wjiter,  which  indicated  that  it  was  not 
composed  of  inulin,  as  this  is  insoluble  until  the  wat«r  is 
warmed.  The  residue  insoluble  in  cold,  but  soluble  in  hot 
water,  was  found  to  consist  of  inulin,  which  having  a  feeble 
power  of  dialysis  had  passed  through  the  membrane  during  the 
later  stages  of  the  digestion. 

The  two  solutions  were  mixed  and  alcohol  added  gradually. 
When  the  liquid  contj*ined  65  per  cent,  of  alcohol  the  inulin 
suporatod  out  us  a  crystalline  precipitate.  This  was  filtered  off 
and  moi-e  alcohol  added.  When  82  per  cent,  of  spirit  was 
present  the  liquid  became  opalescent  and  gradually  a  very 
finely-granular  precipitate  settled  out.  In  100  parts  of  the 
residue  there  were  about  625  parts  of  unchanged  inulin  and 
37*5  parts  of  this  second  body,  which  appeared  to  be  an  inter- 
mediate body  resulting  from  the  action  of  the  inulase. 

On  concentration  of  the  watery  solution  of  this  substance  it 
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deposited  a  quantity  of  crystalline  matter.  The  crystals  differed 
remarkably  from  the  sphaero-crystals  of  inuliii,  appearing 
generally  as  plates,  sumetimei^  peutagoual,  sometimes  rhom- 
boidal  or  oblong,  with  here  and  there  needle-like  prisms 
■  fonniog  part  of  a  rosette. 

On  examining  soveral  commercial  sainplea  of  so-called 
mutin,  it  wax  found  that  variable  quantities  of  this  inter- 
mediate body  were  present.  It  can  be  separated  frtim  inulin 
by  fractional  precipitation  by  alcohol  or  less  easily  by  dialysis. 
It  has  a  greater  power  uf  dialysis  than  inulin ;  one  sample  of 
the  commercial  inulin  examined  contained  12 — 14  per  cent, 
of  it  as  ascertained  by  the  alcohol  method ;  after  dialysis 
for  6ve  days  the  dialysatc  when  concentiated  contained  both, 
but  the  intermediate  body  formed  sixty-six  per  cent,  of  the 
total  precipitate  thrown  down  from  it  by  alcohol. 

This  product  then  ditfers  from  inulin  in  the  following 
particulars : — 

(1)  It  is  more  soluble  in  cold  water. 

(2)  It  has  a  greater  power  of  dialysis, 

(3)  It  has  a  different  crystalline  f<*rm. 

(4)  It  is  soluble  in  alcohol  of  sixty-Bve  per  cent, 
strength,  not  being  precipitated  by  less  than  eighty-two  per 
cent. 

It  is  clear  that  this  body  occurred  in  the  dtnlysates  of  the 
digestions  in  consei^ucnce  of  it<8  formation  by  the  inulase  and 
not  from  having  been  pre.sent  in  the  inulin  used,  for  the 
dialysates  of  the  first  three  days  were  rejected.  If  any  had 
been  mixed  with  the  inulin  taken  for  experiment  this  would 
have  escapciJ  during  that  time,  as  its  dialysing  power  is  so 
great  compared  with  that  of  inulin.  Its  occurrence  as  a 
consequence  of  the  activity  of  the  enzyme  recalls  the  txxiurrence 
of  dexirins  during  the  action  of  diastase  on  starch.  It  some- 
what resembles  dextrin  in  its  behaviour  with  alcohol,  being 
soluble  in  stronger  perccntagojt  of  this  reagent  than  the  original 
carbohydrate,  but  not  soluble  in  a  greater  percentage  than 
eighty-two,  at  which  point  dextrin  also  is  precipitated. 

The  sugar  formed  has  been  investigated  by  Bourquelot.  He 
quotes  a  series  of  observations  made  with  a  solution  of  inulin 

6 


a.  F. 


B2 


1NULA8E. 


[CB. 


containmg  I'SS  per  c«nt.,  which  was  mixed  with  ioulase  and 
lett  at  the  temperature  of  the  laboratory  till  digestion  was 
complete.  As  it  proceeded,  the  rotation  of  a  ray  of  polarised 
light  by  the  digesting  liquid  was  observed  at  definite  intervals 
of  time,  the  temperature  being  uuted  at  each  observation. 
The  results  are  expressed  in  the  following  table. 


DuTution  of 
digestion. 

Botatioo 
obiervdd. 

Tonp.  of 
liquid. 

PorceDlogf  of 

redoeiDK-sagv 

oalcnliited  [rom  the 

obverved  roUUon. 

-  1-06 

17'C. 

0 

12  honra 

-203 

17*  C. 

0-871 

36     „ 

-2-43 

17-5*  C. 

1-283 

64     ., 

-2-5 

19*  C. 

1-371 

84     „ 

-263 

I9-5"C. 

1*403 

The  inuLin  used  had  a  specific  rotatory  power  of  (o)j,=—39'9°. 

From  this  calculation  Bourquelot  concludes  (1)  that  the 
proportion  of  reducing<sugar  actually  formed  attained  nearly 
that  which  could  the<iretically  be  yielded  by  the  inulin  originally 
present;  (2)  that,  reckoning  the  influence  of  the  temperatures 
noted  on  the  rotatory  power  of  levulose  (fnictose),  the  observed 
rotation  in  the  last  observation  corresponded  very  closely  to 
that  which  would  be  given  by  a  solution  containing  a  propor- 
tion of  levulose  equal  to  thnt  of  the  rediicing-sugar  found. 

It  thus  appears  that  uuder  the  action  of  iuulase,  the  inuUn 
used  (prepared  from  AtraciyliH)  was  converted  almost  entirely 
into  Levulose  (fructose). 

Bourquelot  calls  attention  to  a  further  fact  of  some  tntereet. 
When  inulas(>  is  added  to  a  solution  of  inulin,  alcoholic  fer- 
mentation by  yeast  can  be  induced  in  the  mixture.  Now 
inuliii  does  not  undergo  the  alcoholic  fermentation,  while 
levulose  does  so  readily. 

InuUse  is  not  present  iu  the  resting  tuber  of  the  artichoke, 
as  we  have  seen  above.  It  can  however  be  prepared  fn>m 
such  tubers  before  germination  begins.  If  they  are  minced 
and  kept  for  24  hours  at  a  temperature  of  35°  C.  the  extract 
prepared  from  them  possesses  the  power  of  hydi-olysing  inulin. 
Without  the   prelimioai'y   warming  such  an  extract  is  quite 
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inert.    The  inulasc  appears  to  exist  in  such  tubers  in  the  form 
of  an  antecedent  body  or  ztfmogeru 

Tnulase  has  no  action  on  starch ;  it  exists  however  in  some 
plants  in  the  same  region  as  diastase,  mth  which  there  is  some 
<iauger  of  confusing  it.  In  Aspergillus  it  is  found  associated 
with  several  other  enzymes,  with  one  of  which,  trekalase.it  may 
be  confounded.  It  cau  be  tlistiuguished  from  the  latter  by  the 
temperature  at  which  it  is  destroyed. 

Inula^e  works  most  advautageousJy  in  a  neutral  or  very 
&intly  acid  medium,  the  be-st  proportion  of  acid  being  about 
001  per  cent,  of  hydrochloric  acid.  Stronger  acids  than  this 
are  prejudicial,  and  exposure  for  an  hour  at  40"  C.  to  an  acidity 
ecjual  to  2  per  cent,  of  hydrochloric  acid  destroys  it  altogether. 
Alkalies  are  also  delcUirious,  no  hydrolysing  power  surviving  an 
hour's  exposure  to  a  strength  equal  to  1*5  per  cent,  of  sodiutn 
carbonate.  The  rapidity  with  which  the  destruction  of  the 
enzyme  by  acid  takes  place  is  dependent  on  the  temperature 
at  which  it  is  kept  during  the  time  the  two  are  in  contact. 
At  a  low  temperature  it  is  much  less  affected  than  at  40*  C, 
but  after  an  hour's  exposure  at  only  10 — 15°  C.  ite  working 
power  is  much  impaired. 

The  energy  of  inulasc  yhows  the  same  variation  with  the 
temperature,  being  much  greater  at  40^  C.  than  at  the  ordinary 
temperature  of  the  laboratory.  It  survives  exposure  to  a  tcm- 
peiBture  of  64°  C.  at  which  point  trehalose  ih  destroyed,  but  it 
loses  its  activity  if  heated  to  about  70 — 75'  C. 


6—2 


CHAPTER  VII. 


CYTASE,  AND   OTHKU   CELLULOSE-DiaSOLVINO    ENZYMES. 


In  the  seeds  of  many  plants,  especially  among  the  Mono- 
cotyledons, the  carbohydrate  reserve  food-material  for  the 
nutrition  of  the  embryo  during  gennination  takcJ*  the  form  of 
extremely  thickened  cell-walls,  usually  those  of  the  endosperm  in 
which  the  young  plantlet  is  embedded.  In  other  ca^s  cell-walls 
of  comparatively  little  thickness  serve  the  same  purpose,  though 
to  a  much  smaller  extent,  as  may  be  seen  in  the  barley  and 
other  grasses.  During  the  germinative  processes  these  cell- 
walls  are  dissolved  and  disappear,  undergoing  transformations 
comparable  with  those  of  starch  so  far  as  to  yield  ultimately 
some  form  of  sugar.  It  has  been  usual  to  regard  these  cell-walls 
as  composed  of  cellulose,  but  recent  researches  show  that  they 
are  of  a  more  complex  nature  than  has  been  supposed. 

The  composition  of  the  cell-wall  varies  very  greatly  in 
different  plants,  and  indeed  in  different  parts  of  the  same  plant. 
Ill  addition  to  cellulose  it  contains  bodies  known  as  pectoaes, 
which  include  sevemi  very  c<implex  substances.  The  term 
cellulose  itself  is  now  taken  to  cover  a  very  large  class  of  plant 
constituents,  the  members  of  which  show  considerable  differ- 
ences in  properties  and  in  facility  of  decomposition.  The 
gradual  utilisation  of  the  cell-waits  of  different  endosperms 
involves  very  complex  changes,  in  which  both  celluloses  and 
pectoses  are  concerned. 

The  cellulose  bodies  according  to  Cross  and  Bevan  fall  into 
three  distinct  categories  as  under: — 

(1)  Those  which  offer  a  maximum  resistance  to  hydrolytic 
action,  and  which  contain  in  their  molecule  no  directly  active 
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CO  groups.    These  are  represented  by  the  celluloRe  of  cotton 
fibre& 

(2)  Those  of  less  resistance  to  hydrolysis,  which  contain 
active  CO  groups.  These  are  perhaps  best  regarded  as  oxy- 
oeilulogeg.  They  appear  to  conutitnte  the  main  moss  of  the 
fuudamentai  tissue  of  flowering  plants,  and  they  exist  in 
conjunction  with  lignin  in  the  walls  of  wood-cells. 

(3)  Those  which  hydrolyse  with  some  facility,  being  more 
or  less  soluble  in  alkalies  and  easily  decomposed  by  acids,  with 
formation  of  carbohydrates  of  low  molecular  weight.  Included 
among  these  is  the  cellulose  of  the  walls  of  the  cells  of  secd& 

The  members  of  these  three  groups  behave  very  differently 
with  hydrolysing  agents,  and  the  ultimate  products  of  their 
decompositions  vary  considerably. 

The  pectose  group  of  the  constituents  of  the  cell-wall  has 
been  investigated  by  many  writers,  among  whom  may  be 
mentioned  Payen,  Vauquelin,  Mulder,  Freray,  Kutsch,  VogI, 
and  Wiesner. 

The  most  recent  observations  have  been  made  by  Mangin, 
who  has  given  the  fullest  account  of  ihem  and  their  chief 
reaotioDS.  According  to  him  they  fall  into  two  series,  one 
comprising  bodies  of  a  neutral  reaction,  while  the  others  are 
feeble  acids.  In  each  scries  there  arc  probably  Kcvcral  members, 
which  show  among  them  every  stage  of  physical  condition 
between  absolute  insolubility  ajid  complete  solubility  in  water, 
the  intermediate  bodies  exhibiting  gelatinous  stages,  chnrnc- 
terised  by  the  power  of  absorbing  water  in  a  greater  or  less 
degree. 

Of  the  neutral  scries  the  two  extremes  are  presented  by 
Pectose  and  Pectine.  The  former  is  in.soluble  in  water  and  i.H 
closely  associated  with  cellulot^e  in  the  substance  of  the  cell- 
membranes  ;  the  latter  is  soluble  in  water  and  forms  a  jelly 
with  more  or  less  facility.  In  the  other  series  the  two  most 
noteworthy  members  are  Pectic  Mid  Metapectic  acidn.  The 
former  generally  exists  in  the  cell- membranes  in  combination 
with  the  metals  of  the  alkaline  earths,  especially  calcium ;  when 
in  the  free  state,  it  is  insoluble  in  water.     Metapectic  acid  is 

able  in  water,  bnt  does  not  form  a  jelly. 


OTTASE,  AKD  OTaSR 

The  two  series  are  cloeely  related  to  each  other,  for  by  the 
action  of  heat,  acids,  and  alkalies,  the  various  members  of  both 
can  be  prepared  from  pectose.  The  final  product  of  the  action 
of  the  rcagenta  is  the  freely  soluble  metapectic  acid. 

Mangin  gives  their  rhoracteristic  peculiaritiea  as  uoder : — 

Pedose.  The  actual  properties  of  this  substance  are  not  at 
all  easy  to  ascertain,  nor  can  they  be  said  to  be  well  known. 
The  material  i»  so  closely  associated  with  cellnlose  that  it  has 
not  yet  been  obtained  pure.  The  reagents  which  separate  it 
from  celluloee  convert  it  either  into  pectine  or  into  pectic  acid, 
the  former  being  soluble  in  water,  the  latter  in  alkaliea  The 
celUwall  can  be  shown  to  contain  the  two  constitaente  by  the 
action  of  Schweizer's  reagent  (ammonio-cupric  sulphate)  which, 
when  used  with  proper  precautions,  diaaolvea  out  the  cellulose 
and  leaTea  the  fjamowork  of  the  cell  apparently  unaltered ;  it 
then  consiflte,  huwever,  not  of  pure  pectoae,  but  of  a  cocnpouud 
of  pectic  acid  with  the  copper  of  the  reagent 

Pectine.  This  body  swells  up  and  dissolves  in  wattf ,  lorming 
a  iHscid  liquid  which  soon  beoooMs  a  jelly.  It  eziate  in  con- 
sideraMe  quantity  in  numy  ripe  fruits  and  in  some  mociUges.. 
It  gtvee  DO  precipitate  with  Deatral  acetate  of  lead,  bat  is 
thxown  down  by  tb«  faaoie  acatate  in  the  tana  of  white  Boccali. 
If  boiled  for  seTual  boors  in  water,  it  is  oonrerted  into  an 
iscmier,  parapectme,  which  is  precipitatad  bj  oeatral  lead 
aoaUtau  Further  boiling  with  dilute  adds  voaTOts  it  into 
«irtap«<M».  which  is  pndpitaied  by  hatioi  ehkride. 

Ftttic  meid.    This  body  is  inaolaUa  ia  water,  aieoboL.  aad 
ackfe ;  it  Ibmc  stolnble  pectat««  wish  alkahes  aad  inaolaUe 
with  the  mettk  of  the  alhatbe  earths,  of  which 
it  moM  widely  i&aribatid.     It  dianhai  ta  mh^timm  of  alkaline 
k  aa  the  flachooaaes  of  aodiBM  and 
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baaea,  especially  those  of  calcium  atiH  barium,  which  precipitate 
pectic  acid.  Metapectates  warmed  with  ait  excess  of  alkali  are 
coloured  yellow.  This  body  and  its  compounds  approach  the 
gums  in  their  composition.  When  acted  upon  by  dilute 
Aulphuric  acid  it  splits  up  into  a  dextro-rotatory  cry  stall  isable 
sugar,  appHTi^ntly  identical  with  arahinosey  and  into  a  little- 
known  organic  acid,  indicating  by  this  behaviour  some  relation- 
ship  to  the  group  of  the  glueosides. 

The  cellulose  and  pectose  constituent*  of  the  cell-wall  show 
considerable  differences  of  behaviour.  The  former  are  soluble, 
the  latter  insoluble  in  Schweizer's  agent ;  when  oxidised  with 
oitric  acid  the  former  yield  oxalic,  the  latter  mucic  acid.  The 
celluloses  when  partially  hydrated  stain  blue  with  iodine ;  the 
pectoees  give  no  coloration  with  this  reagent  They  behave 
difieroutty  also  to  staining  reagents,  and  to  dilute  acids  and 
alkalies.  According  to  ToUens  and  Qanz  the  sugar  produced 
by  bydrolysing  cellulose  with  dilute  sulphuric  acid  is  a  dextro- 
rotatorj'  mannose. 

Under  the  action  of  strong  acids  and  other  hydrating 
reagents,  a  thickened  cell-wall  that  has  not  been  lignified  or 
cuticularised  swells  up  strongly  and  shows  traces  of  lamination. 
The  successive  laminae  correspond  to  the  layers  or  shells  of 
tfaickeuiug  matter  which  have  been  deposited  upon  the  original 
membrane.  Each  laj'er  contains  a  mixture  of  the  substances 
described,  and  they  differ  somewhat  from  each  other  in  the 
proportions  of  the  constituents. 

Between  contiguous  thickened  cell-walls  a  very  conspicuous 
Uiyer  frequt-ntly  appears,  known  as  the  middle  lamella.  This 
can  with  ditHcuIty  be  ascertained  to  exist  iu  unthickened 
cell-membranes.  It  gives  characteristic  reagents,  which  show 
that  it  did'ers  markedly  from  the  rest  of  the  cell-wall.  Its 
oompoaitiau  will  be  discussed  iu  a  succeeding  chapter. 

Gytaae. 

The  composition  of  the  cell-walls  that  ultimately  yield 
nutritive  material  for  the  young  embryo  during  the  germination 
of  the  seed  is  thus  extremely  ci>mplex,  and  the  products  of  their 
digestion  caimut  be  ascertained  as  easily  as   those  which  are 
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derived  &om  the  f^anfiformation  of  starch.  During  germi nation, 
such  LrauafunnatiouK  are  brought  about  by  the  action  of  an 
enzyme,  which' has  been  called  cytaae,  though  how  far  this  ta  a 
Hingle  enzyme,  and  if  so  which  of  the  constituents  it  attacks, 
cauiiot  at  present  be  said  to  be  fully  ascertained.  A.  atmiiar  if 
not  identical  enzyme  has  been  discuvered  to  exist  in  certain 
fungi.  It  may  be  that  we  have  several  such  enzymes,  or  there 
may  be  only  one. 

The  existence  of  cyt&sc  haa  not  been  known  for  many 
years,  our  acquaiotance  with  it  dating  back  only  to  1886,  when 
it  was  discovered  by  De  Baiy.  In  some  investigations  into  the 
life-histoi7  of  a  peculiar  fungus,  Pezisa  sclerotiortum,  he 
found  that  while  uunnuHy  a  saprophyte,  it  could  under  certain 
conditions  become  a  parasite,  and  that  then  it  frequently 
attacked  reservoirs  of  reserve-materials,  such  as  the  roots  of 
carrots  and  turnips.  In  its  behaviour  it  appeared  to  live 
saprophytically,  though  infesting  the  living  tissue.  Its  hyphae 
or  some  of  thein  excreted  something  which  poisoned  the  cells, 
the  latter  then  yielding  a  nidus  in  which  thu  h^'phae  spread  and 
multiplied.  In  its  attack  upon  the  lixing  tissues  this  Pesisa 
formed  dense  masses  uf  mycelia  iu  the  interior  of  the  roots, 
softening  them  as  if  they  had  been  boiled.  Besides  assailing 
reservoirs  like  the  roots,  it  was  capable  of  infesting  the  stems 
of  living  plantH,  luid  pnKluced  there  the  same  curious  softening 
of  the  substance.  Microscopical  investigations  showed  that  the 
bypha  grew  especially  between  the  cellK,  destroying  the  middle 
lamella  and  oouverting  the  cell-walls  into  a  scmi-mticilaginous 
material  On  studying  cultures  of  the  ascospores  of  this  fungus 
De  Bary  observed  that  each  developed  a  mycelium  of  branched 
septate  hyphae,  and  that  these  formed  curious  organs  of 
attachment  composed  of  branched  hyphae  in  the  shape  uf  a 
kind  of  tasseK  which  eventually  gained  the  p>wer  of  penetrating 
through  cellulose.  If  the  culture  was  made  upon  a  young 
seedling.  Petunia  violacea  being  peculiarly  susceptible  to  its 
attacks,  these  organs  of  attachment  ultimately  killed  certain 
cells  of  the  epidermis  and  effected  an  entmnce  into  the  sub- 
jacent tissues,  in  which  the  hyphae  subsequently  ramified.  The 
cells  in   the    neighbtmrhood    of   the   hyphae   were    curiously 
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affected,  losing  their  wnter  and  collapsing.  The  destruction 
appeared  to  be  caused  by  HOinething  excreted  from  the  hypbae 
and  to  prepare  the  way  for  their  subsequent  growth. 

De  Bary  then  examined  the  tissues  attacked  by  this 
excreted  material ;  he  expressed  the  juice  from  them,  and 
discovered  that  when  pieces  of  the  intemodes  of  the  stem  of 
the  bean,  or  fragments  of  fresh  carrot,  or  of  seedling  cabbages, 
were  steeped  in  it,  they  imderwent  rapid  destruction,  the  cells 
becoming  plasmolysed,  and  their  walls  swollen,  while  later  the 
middle  lamellae  were  dissolved. 

In  the  sap  of  the  carrot  expressed  after  the  fungus  had 
attacked  it  De  Bary  thus  discovered  the  presence  of  something 
having  the  property  of  causing  cell-walls  to  swell  and  of 
duBolving  a  certain  portion  of  them.  When  the  expressed  sap 
WBfl  boiled  it  was  found  to  li«w  this  power.  The  fluid  which 
poBBeased  the  peculiarity  of  dissolving  the  cell-walls  could  also 
be  expressed  from  the  sclerotia  of  the  Peziza.  so  that  the 
aubstance  in  question  was  a  secretion  of  the  fungns  and  not  a 
product  of  the  disintegration  of  tbe  tissue  of  its  host  plant. 
This  substance  was  the  euzyuie  now  under  discussion,  to  which 
the  name  ct/iase  has  been  given  by  subse<]uent  observers. 

In  18H8  this  enzjine  was  discovered  by  Marshall  Ward  in  a 
fungus  belonging  to  the  genus  BotrytU,  which  infests  certain 
lilies,  especially  Litium  cundidnm,  and  which  presents  many 
features  of  resemblance  lo  that  investigated  by  De  Bary.  The 
germinating  spores  (»f  this  Botrytis  may  be  cultivated  in  a 
hanging  drop  of  culture-Buid  suspended  on  a  cover-slip  over  a 
moist  chamber  in  such  a  way  as  to  be  easily  observed  under  a 
microecope.  The  spore  put*  out  hyphae  which  develop  into  a 
mycelium  ramifj-ing  through  the  culture-fluid;  from  this  short 
branches  grow  out  at  right  angles  to  the  mass  of  the  mycelium, 
aud  run  up  to  the  lower  surface  of  the  cover-slip.  As  each 
branch  comes  in  contact  with  the  glass  it  swells  and  softens, 
aud  its  outer  contour  becomes  surrounded  by  a  glairy  film, 
which  is  derived  from  some  deliqueacent  constituent  of  the  cell- 
wall.  In  many  cases  these  erect  h3rpbae  branch,  either  at  or 
near  the  extreme  tip,  or  further  behind.  In  some  cases  branches 
from  the  mycelium  grow  from  the  surface  of  the  hanging  drop 
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towardii  the  cavity  of  the  moist  chamber,  and  coming  iato 
contact  with  the  sides  of  the  hitter  attach  theniselves  to  the 
glass  just  as  do  those  first  described.  These  attaching  organs 
in  many  rcspet'ls  reseinbh'  those  described  by  De  Barj'. 

It  may  frequently  be  noticed  that  when  attachment  is  not 
made,  the  tips  of  the  hyphae  exude  small  drops  of  a  translucent, 
more  or  less  viscous  fluid,  which  contains  a  number  of  minute 
brilliant  granules,  the  j)rotoplasm  of  the  hypha  becoming 
extremely  vacuolated.  The  exudation  may  go  on  for  a  few 
hours,  the  drop  becomiug  more  and  more  granular,  and  its  colour 
changing  to  a  pale  brownish-yellow.  The  drops  when  tested 
by  microchemical  reagents  appear  to  contain  quantities  of 
protcid  matter,  suggesting,  in  conucctioD  with  the  vacuolation, 
that  they  are  comp4)sed  either  of  the  protoplasm  itself,  or  some 
substance  derived  immediately  therefrom. 

Theee  drops  contain  the  enzyme  cytase,  which  thus  appears 
to  be  a  secretion  of  the  protoplasm  of  the  hyphae.  Such 
granules  as  hove  been  described  are  often  found  to  be  associated 
with  the  formation  of  enzymes  in  other  cases.  The  secretion 
is  not  the  pure  enzyme,  but  is  complex  in  compositiou,  con- 
taining various  pi-otcid  bodies,  as  already  demonstrated  The 
evidence  which  points  to  the  existence  of  the  enzyme  in  the 
drops  is  twofold.  The  tips  of  the  hyphae  which  extrude  the 
drops  have  been  observed  to  penetrate  into  and  through  the 
cell-walls  of  thin  sections  of  parenchymatous  tissue  placed  with 
them  on  a  glass  slide  on  the  stage  of  a  microscope.  Further,  a 
watery  extract  of  such  a  ma.ss  of  hyphae  will  cause  unchanged 
cell-walls  to  swell  up  when  thin  section.s  of  parenchyma  are 
pUccd  in  drops  of  it 

The  localisiitiou  of  the  enzyme  in  the  tips  of  the  hyphae 
suggests  that  the  softening  of  those  tips  when  they  come  into 
contact  with  the  glass  of  the  cover-slip,  or  the  side  of  the  moiat 
chamber,  may  itself  be  due  to  the  action  of  the  ferment,  the 
deliquescent  matter  which  ha^i  been  riescribcd  as  surrounding 
the  tipfri  of  the  attached  branches  being  transformed  cellulose, 
made  mucilaginous  in  order  to  adhere  to  the  surface. 

The  action  of  the  cytase  may  be  seen  also  in  the  process  of 
the  gi*owth  and  branching  of  the  hyphae.     The   ferment  is 
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secreted  mainly  at  or  near  the  ends  of  the  61aments;  ac- 
cumulating  there,  it  causes  a  softening  of  the  cell-wali  cither  at 
the  apex  or  Just  behind  it,  euabling  the  hydrostatic  pressure 
within  the  hypha  to  originate  a  new  branch,  or  to  continue  the 
apical  growth  of  the  origiual  Hlameut. 

Wiicn  the  mycetium  is  allowed  to  grow  upon  the  surface  of 
a  piece  of  tissue  such  &s  a  leaf  or  bud  of  a  lily,  contact  of  the 
erect  branches  with  the  epidermis  of  the  latter  cn'ates  a  stimulus 
to  which  the  fungus  responds  by  secreting  the  en2}'me.  It  is 
then  dischai^cd  from  the  tips  as  in  the  cu^es  described  above, 
biit  it  does  not  attach  the  hypha  to  the  epidermis  as  it  does  to 
the  glass  slip.  Ou  the  contraiy  it  softens  the  walls  of  the  tissue 
and,  slowly  dissolving  the  cellul«5«e,  allows  the  hypha  to  make 
its  way  into  the  interior;  subsequent  continuous  fom\ation  and 
excretion  of  the  enzyme  enables  the  mycelium  to  develop  at 
the  expense  of  the  cell-walls  of  what  has  now  become  the  host 
of  the  parasite,  together  with  whatever  nutrient  matter  the 
eelU  themselves  contain. 

It  is  interesting  to  notice  in  the  behaviour  of  this  fungus, 
that  the  stimulus  of  contact  with  a  linng  leaf  seems  to  lead  to 
an  increased  formation  of  the  enzyme.  The  secretion  appears 
to  be  a  starvation  phenomenon  in  the  main,  the  ftrngus 
appreciating  the  presence  of  food-material  in  the  substance 
touching  it,  and  at  once  endeavouring  to  appropriate  it.  If 
in  a  culture  carried  on  under  microscopic  examination,  a  little 
fine«h  soluble  nutritive  material  iss  added  to  the  culture  fluid 
when  the  mycelium  has  begun  bo  attack  a  piece  of  vegetable 
tissue  by  means  of  the  exudation  of  these  drops,  the  formation 
and  extrusion  of  the  latter  is  at  onc^  suspended,  and  the 
mycelium  goes  on  growing  and  branching  at  the  expense  of  the 
new  food  supplied.  When  tliis  store  is  exhausted  the  drops 
are  again  formed  and  the  tissue  present  in  the  culture  fluid  is 
again  attacked. 

The  cytase  does  not  attack  all  parts  of  the  cell-wall  with 
equal  facility ;  though  it  softens  the  outer  layera  of  the  epi- 
dermal cells  and  j>enctrates  transversely  through  the  walls  of 
the  subjacent  parenchjTna,  it  runs  more  frequently  in  the  plane 
of  the  middle  lamella  between  the  cells.     The  composition  of 
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these  tliree  modificatioiLa  of  cell-wall  we  have  seen  to  be  veiy 
varied,  and  it  diK«  not  appear  very  evident  what  is  the  par- 
ticular chemical  chaDgc  which  is  brought  about.  To  this 
point  refereucti  will  be  made  later. 

It  was  stated  above  that  a  watery  extract  of  an  active 
mycelium  possesses  the  power  of  causiug  the  cell-walls  to  swell 
up  when  a  piece  of  tinsut;  iH  placed  in  iL  The  enzyme  can  be 
thus  extracted  from  the  fungus  by  artificial  means;  it  is 
moreover  actually  excreted  from  the  mycelium  into  the 
nutrient  Suid  in  which  the  latter  is  cultivated.  If  either  the 
culture- medium  or  the  expressed  extract  ia  boiled  the  power  of 
dissolving  cellulose  is  lost,  the  cytnae  being  destroyed.  This 
destruction  of  activity  on  heating  may  indeed  be  taken  aa 
evidence  that  the  action  is  really  due  to  an  enzyme. 

Microscopic  examination  of  a  thick  cell-wall  exposed  to  the 
action  of  cytaae  shows  that  the  action  of  the  latter  resembles 
that  of  dilute  mineml  acids,  the  successive  laminae  of  the  wall 
becoming  evident  and  each  lamina  in  turn  swelling  up,  and 
ultimately  disHolving. 

Cytaae  may  be  prepared  from  such  cultures  as  have  been 
described  by  grindiug  up  the  mycelium  with  sand,  and  pressing 
out  the  fluid  from  the  resulting  pulp.  It  should  then  be 
tillered  and  the  filtrate  allowed  to  fall  into  a  large  excess  of 
alcohol,  when  a  precipitate  will  be  thrown  down,  flocculent  in 
character,  partly  amorphous,  and  partly  crjstaUine.  In  this 
condition  it  is  very  impure,  being  mixed  with  several  other 
bodies.  On  dissolving  the  precipitate  in  water  the  solution  will 
be  found  to  possess  the  property  of  the  original  liquid,  and  to 
dissolve  cell-walls  with  some  facility.  The  middle  lamella 
between  the  celts  of  a  piece  of  tissue  placed  in  either  ia  the 
first  part  to  disappear;  the  cells  become  separated  and  their 
walls  show  evident  lamination  and  swelling. 

Cybase  is  seen  from  these  observations  of  De  Bary  and 
Marshall  Warfi  to  be  secreted  by  fungi,  and  to  play  an  im- 
portant part  in  their  development  and  in  their  nutrition. 
Confirmation  of  theii*  results  has  been  obtained  more  recently 
by  Kean,  who  has  separattMl  a  variety  of  cytase  ft«m  Rhizopits 
nigricans.     What  part  of  the  fungus  it  resides  in  has  not  been 
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determined,  nor  is  more  said  of  its  action  than  that  it  is  capable 
of  softening  celhilose  cell-walls.  In  studying  thi?i  fungus  as 
cultivated  in  gelatin  media,  Arthur  has  noticed  that  here  and 
there  npon  the  sides  of  the  hypbue  there  is  an  extrusion  of 
drope  something  like  those  of  Ward's  Botryiis.  and  further  that 
bnnches  of  the  hyphae  originate  at  the  Bpots  where  the  drops 
had  been  observed.  This  is  to  a  certain  extent  a  corroboration 
of  Keans  statement. 

Cytase  has  been  discovered  in  the  higher  plants,  but  so  far 
as  is  known  it  has  not  the  wide  distribution  of  diastase.  Its 
detection  is  due  chieHy  to  the  investigations  of  Dr  Horace  T. 
Brown,  uudertaken  in  some  cases  jointly  with  Dr  Morris  and 
with  Mr  E^mbe. 

The  first  experiments  which  may  be  discussed  were  under- 
taken by  Brown  and  Morris  in  connection  with  a  study  of  the 
prucess  of  germination  of  the  barley  and  othtr  cereals.  This 
work  has  already  been  referred  to  as  leading  to  the  discover)'  of 
the  secretion  of  diastase  by  the  epithelium  of  the  scutellum. 
It  has  already  been  said  that  cytase  as  well  as  diastase  is 
present  in  the  material  formed  and  excreted  by  these  cells, 
though  not  so  much  as  by  those  of  the  aleurone  layer. 

Brown  and  Morris  have  described  in  detail  the  changes 
which  can  be  iioliced  in  the  endosperm  iiumediately  underneath 
the  scutellum.  Between  the  starch-containing  cflls  of  the 
fortuer  and  the  scutellar  epithelium  is  a  comparatively  thick 
layer  of  emptied  and  compressed  celts  forming  a  somewhat 
transparent  band  of  endosperm  tissue,  the  starch  these  cells 
originally  contained  having  been  utilised  by  the  embryo 
during  its  early  growth  and  before  it  entered  upon  its  resting 
period  After  24  to  86  hours'  gemiinatiou  the  cell-walls  of 
this  band  uf  tissue  are  softened  and  partially  dissociated.  As 
the  gennination  proceeds,  a  dissolution  of  the  walls  of  the 
starch-coniaining  cells  also  cau  be  observed,  which  start's 
under  the  aleurone  layer  and  proceeds  progressively  from  the 
proximal  to  the  distal  regions  of  the  endosperm.  No  action  of 
the  diastase  upon  the  starch  is  perceptible  so  lung  as  these 
walls  are  intact,  indeed  the  diastasic  digestion  of  the  starch 
follows  continuously  upon  the  disappearance  of  the  cell-walls. 
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Brown  and  Escombe  have  observed  similar  changes  taking 
place  in  the  endosperm  of  barley  grains  from  which  the  embryo 
has  been  carefully  removed.  The  changes  begin  immediately 
anderneath  the  aleuix)ne  layer  and  spread  thence  into  the 
int-erior  of  the  grain.  The  first  effect  of  the  germinative  process 
is  the  separation  of  the  alcurone  layer  from  the  cells  beneath  it 
by  the  solntion  of  the  cell- walls  of  that  region. 

If  the  pri>gre8s  of  the  dissolution  of  the  cell-walls  is 
carefully  followed,  the  course  of  events  is  seen  to  be  the 
following:  at  first  the  cell-wall  swells  up  slightly  and  its 
stratiHcation  becomes  ver}'  apparent ;  the  separate  lamellae  are 
then  gradually  disintegrated,  the  middle  lamella  being  the 
most  resistant.  Ultimately  the  whole  of  the  cell-wall  is  broken 
down  into  very  minute  spindle-shaped  fragments,  with  their 
longer  dimensions  arranged  tangentially  t-o  the  original  cell- 
wall.  Finally  these  fragments  also  disappear.  The  whole 
contents  of  the  region  of  the  endosperm  affected  become  me*ly, 
even  befort.'  the  starch  begius  to  be  dissolved. 

The  same  course  of  action  can  be  traced  in  other  grasses, 
notably  Bromim  mollis,  and  B.  asper,  where  the  walls  of  the 
endosperm  cells  are  very  considerably  thickened. 

The  extent  to  which  the  diasututiou  of  the  cell-wall  precedes 
that  of  the  cell-contents  was  measure<]  by  Brown  and  Morris  in 
some  barley  grains  that  had  been  germinated  for  5  daysi  At 
that  period  all  traces  of  cell-walls  had  disappeared  from  most 
of  the  tissue  in  the  proximal  region  of  the  endosperm ;  in- 
dications of  action  on  the  starch-grains  did  not  then  extend 
ftirthcr  than  0*15  mm.  from  the  scutellum. 

The  extraction  of  cytase  from  the  germinated  barley  can 
be  effected  with  considerable  ease.  If  an  extract  of  air-dried 
malt  is  prepared  and  sections  of  barley  immersed  in  it,  the 
parenchymatous  tissue  becomes  disintegrated  in  about  24  hours, 
the  cell-walls  cither  disappearing  or  remaining  in  a  much 
swollen  and  altered  form.  Previous  heating  of  the  extract  to  a 
temperature  of  from  60"^ — 70"  C.  destroys  its  activity,  the  tissue 
then  remaining  in  it  unaltered  for  an  indefinite  time.  Nor  is 
the  action  confined  to  sections  of  barley,  for  pieces  of  potato 
immersed  in  it  lose  their  coherence  in  a  few  hours,  and  tall  to 
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pieces  with  great  readinesa.  The  cell-walls  may  be  seen  to 
awell  up  and  become  differentiated  into  numerous  very  thin 
Uminae,  which  later  break  up  into  spindle-Hhaped  fragments 
and  ultimately  disappear,  with  the  exception  of  a  thin  layer 
which  probably  repi-esents  the  middle  lamella,  Brown  and 
Morris  found  that  the  parenchyma  of  differeiii  plaiitn  did  not 
all  behave  in  the  same  way.  The  artichoke,  carrot  and  turnip 
were  like  the  potato  in  this  respect,  but  the  cell-walls  of  the 
beet  were  affected  only  slightly,  and  those  of  the  apple  not  at 
all.  Nor  does  cytase  attack  the  thickened  cell-walls  of  the 
endosperm  of  Palma  These  facts  however  need  not  surprise  ue 
when  we  remember  the  probable  differences  in  such  cell- 
membranes  as  stated  at  the  commencement  of  this  chapter. 

Brown  and  Morris  prepared  the  cytolytic  enzyme  by  the 
Hunc  method  as  they  adopted  in  the  case  of  diastase.  They 
precipitated  an  extract  of  malt  by  alcohol,  dehydrated  the 
precipitate  by  absolute  alcohol  and  dried  it  in  a  vacuum.  This 
|H%cipitate  contained  however  both  C3'tase  and  diastase. 

Cytase  ia  destroyed  by  heating  its  solution  in  water  to  a 
temperature  of  60"  C,  while  diastase  is  unaffected  at  this 
point. 

The  action  of  cytase  is  accelerated  if  the  medium  in  which 
it  works  is  made  slightly  acid  with  formic  or  acetic  acid. 

Cytase  only  attacks  unchanged  cell-walls,  having  no  action 
on  those  which  have  undergone  partial  lignification  or  cuti- 
culariaation. 

Brown  and  Morris  have  shown  that  the  secretion  of  cytane, 
like  that  of  diastase,  takes  place  in  the  cells  which  constitute 
the  aleurone  layer  and  to  a  less  extent  in  those  of  the  scutellar 
epithelium.  Their  method  was  the  same  as  in  the  case  of  the 
diastase  and  has  already  been  described  in  a  previous  chapter. 
The  secretion  of  both  enzymes  seems  to  be  dependent  on  the 
neoestiity  for  obtaining  nutriment  for  the  embrjo;  that  is,  it 
ifl  a  phenomenon  attending  stan'ation. 

In  the  paper  by  Brown  and  Escombe  already  quoted  it  has 
been  shown  that  the  aleurone  layer  takes  a  much  larger  share  than 
the  scutellum  in  the  formation  of  cytase.  In  the  earlier  stages 
of  the  germination  the  mealiness  of  the  grain  is  due  almost 
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entirely  to  the  enzyme  secreted  there,  the  secretion  of  the  scu- 
tellar  epithelium  being  at  that  time  of  subsidiary  importance. 

Cjtase  exists  not  enly  in  germinating  barley,  but  in 
certain  varieties  in  the  resting  grain  also.  There  appears 
to  be  some  relation  between  its  occurrence  and  the  climatic 
conditions  under  which  the  cereal  is  cultivated.  The  more 
perfect  the  latter,  the  less  of  the  ferment  is  present.  Brown 
states  that  the  presence  of  the  enzyme  can  be  demonstrated  in 
a  cold-water  extract  of  the  grain,  and  its  influence  in  the  self- 
digestion  of  the  cell-walls  is  often  distinctly  noticeable  when 
the  coarsely  ground  meal  is  macerated  with  water  for  a  short 
time  at  a  temperature  of  35° — 40"  C. 

Brown  has  found  evidence  of  the  presence  of  cytase  in  rye 
and  in  oat?,  the  latter  being  especially  rich  in  it  An  aqueous 
iufuHion  of  raw  oats  is  in  fact  much  more  active  in  swelling  and 
dissolving  cellulose  than  an  extract  made  from  an  equal  weight 
of  air-dried  barley  malt. 

Cytaae  is  not  capable  of  resisting  so  high  a  temperature  as 
diastase,  being  destroyed  at  60" — 65"  C,  while  diastase  needs  to 
be  heated  to  70'  C. 

Though  the  grasses  have  been  shown  to  be  especially  rich 
in  cytase,  this  enzyme  can  be  shown  to  be  present  in  other 
plants.  It  has  been  examined  by  Gardiner  in  the  endosperm  of 
Tavtus  covtniuma,  where  it  can  be  observed  to  attack  the 
thickened  cell-wall^  during  the  germination  of  the  seeds.  The 
cel!-mombranes  of  this  endosperm  exhibit  the  continuity  of  the 
protoplasm  of  the  contiguous  cells,  threads  of  it  being  traceable 
through  the  walls  even  before  they  become  thickened.  The 
Cjrtase  is  secreted  in  the  interior  of  the  cells  and  passes  along 
the  connecting  threads  into  the  substance  of  the  wail  soon  after 
germination  has  begun.  The  penetration  begins  at  several 
spots  in  the  wall,  and  when  the  cytase  has  once  entered  them 
its  action  can  be  traced  through  the  substance  of  the  membi-ane, 
t|ulckly  causing  its  complete  disorganisation.  The  walls  on 
being  attacked  do  not  swell  so  markedly  as  in  the  cases  already 
mentioued,  but  their  stratification  or  lamination  becomes  very 
evident.  The  middle  lamella  in  this  case  is  the  least  resistant 
to  the  action  of  the  enzyme. 
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There  are  several  other  plnnts  in  which  the  presence  of 
cytase  is  probable,  especially  the  Palms,  in  which  the  carbo- 
hydrate reserve-material  of  the  seeds  takes  the  form  of  very 
much  thickened  cell-walls.  The  thickoning  matter  is  composed 
of  a  variety  of  cellulose  mixed  probably  with  pectic  bodies. 
■  Carefal  search  has  been  made  for  an  enzyme  during  the  germin- 
^Lation  of  .such  seeds,  but  no  satisfactory  evideoce  of  its  existence 
H|0|  been  obtained,  though  several  facts  point  to  its  presence. 
"The  process  of  germination  is  however  so  slow  that  if  the  enzyme 

I  exists,  it  is  in  vet}-  etmall  quantity  at  any  time,  and  hence  may 
well  esca|>e  the  ordinary  process  of  extraction. 
The  first  of  the  Palm  seeds  investigated  was  the  Date 
{Phtenix  dactylifera),  upon  the  germination  of  which  Sachs 
published  some  observations  in  1862.  The  embryo  lies  em- 
bedded in  about  the  tniddle  of  the  hard  seed,  aud  on  germiuution 
U  remains  attached  t<]  it  by  a  portion  of  the  cotyledon,  which 
becomes  transformed  mXa  an  absorbing  organ.    This  continually 

Iencrottcbes  upon  the  endosperm  as  the  young  plant  grows. 
tmtil  the  store  of  cellulose  is  exhausted.  The  surface  of  this 
abeorbing  organ  is  covered  by  an  epithelium  which  strongly 
resembles  the  scutellar  epithelium  of  the  graases.  Sachs 
suggested  that  tht?  cells  of  this  layer  excrete  a  cytase,  but  he 

I  did  not  definitely  prove  it. 
OrUss  states  that  there  is  an  enzyme  present  in  these  seeds, 
which  acts  on  the  reserve  cellulose,  but  very  slowly.  It  probably 
yields  mannose  as  the  final  product. 
The  writer  made  a  series  of  observations  in  1887  on  the 
germination  of  the  seed  of  Livisto7tia  fiumtlis,  which  has  a 
similar  structure  t*i  that  of  Phremx.  The  progress  of  events 
was  the  same  as  that  observed  by  Sachs.  The  epithelium  cells 
were  very  granular  and  stained  deeply  with  iodine  and  with 
Hoffman's  blue.  By  the  use  of  these  and  other  staining 
reagents  some  additional  facts  were  obtained  bearing  on  the 
behaviour  of  the  cellulose.  After  two  months'  gerrainatitin  the 
,  absorbing  organ  had  pi-netrated  abant  half-wny  through  the 
eodosperm.  The  cells  uf  the  latter  in  contact  with  the  cotyledon 
were  broken  away  at  their  edges,  and  when  chlor-ziuc-iodine 
was  applied  to  the  atl'ected  area,  the  cells  nearest  the  cotyledon 
G.  r.  7 
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stsiaed  a  deep  violet,  while  those  farther  back  were  colotired 
only  a  pale  bine.  Two  well-marked  sones  thus  became 
evident,  which  differed  in  the  chemical  or  physical  cunstitutiun 
of  the  cell-walU,  An  oqiienun  solution  of  iodine  sljiined  the 
inner  zone  a  pale  blue,  but  did  not  affect  the  outer  one.  When 
Ijotfman's  blue  was  used  ua  a  reagent  the  inner  zone  was 
coloured  very  deeply  towanls  its  outer  part,  while  the  coloration 
wa8  gradually  paler  and  paler  as  it  was  traced  towards  the  ■ 
unaltt're<l  endospemj.  The  outer  zone,  slightly  affected  by 
the  chlor-zinc-iodine,  was  not  coloured  by  the  blue  dye.  The 
inner  deeply-staining  part  was  much  swollen  and  the  outlines  H 
of  the  cells  were  indistinct.  The  appearances  led  to  the  view 
that  the  cellulose  was  being  gnulually  liydrated.  the  change 
starting  from  the  absorbing  organ  and  proceeding  outwards. 

When  sections  of  the  disintegrating  endosperm  were  boiled 
with  Fehling's  solution  there  was  a  copious  deposition  of 
cuprous  oxide  on  the  surface  of  the  inner  zone  and  particles  oi 
the  same  substance  were  seen  to  be  embedded  in  the  ahuust 
deliquescent  region  abtitting  on  the  cotyledon.  These  gnulually 
became  lei*s  numerous  towmda  the  interior  of  the  inner  zone  and 
did  not  extend  beyond  it.  The  cavity  of  the  endosperm  afber 
removing  the  absorbing  organ  showed  a  deposition  of  cuprous 
oxide  over  its  whole  sur&ce.  There  was  an  evident  gradual 
conversion  of  the  cellulose  into  something  that  reduced  Fehling's 
fluid,  prcitumably  some  form  of  sugar. 

In  some  investigations  upon  various  gums  and  the  trees 
yielding  them  Lutz  has  found  that  in  Acacia  gum -reservoirs 
occur  in  the  bark  and  in  the  pericycle.  These  consist  of  lacnnse 
cansi'd  by  an  enormous  swelling  and  ultimate  deliquescence  oi 
the  cell-walls.  His  experiments  have  led  him  to  suggest  tha6 
this  formation  is  due  to  a  kind  of  cytase. 

Elfving's  obseivatioufl  on  the  germination  of  the  pollen  of 
the  grasses  point  to  the  existence  of  cytase  in  the  pollen  tube,  ^ 
which  was  found  to  penetrate  the  tissue  of  the  style  by  buring^^ 
it>s  way  thiougb  the  middle  lamellib  of  the  cells,  and  not  ent«rLng 
their  cavities. 

De  Bary  describes  the  behaviour  of  a  micro-oriranism, 
Bacillus  iimylijbacier,  which  is  au  agent  in 


1M 

Iv^ 

I 

rs 

A 


Vtl] 


cErxtTLOfiE-mssoLvryG  enzymes. 


99 


dec«\"ing  parts  of  plants  and  which  acts  by  destro^ang  the  cell- 
meuibraues.  He  says  it  decomposes  the  cellulose,  forming 
dextrin  and  glucose,  and  that  it  does  so  by  disengaging  an 
enzyme.  It  does  not  attack  suberised  membrancfl,  nor  those  of 
Wsl-fibrea,  of  submerged  water-plan t'^.  of  Mosses  and  many 
Fungi,  but  it  rapidly  decomposes  the  cell-walls  of  fleshy  and 
juicy  tissues,  such  as  those  of  leaves,  herbaceous  stems,  and  the 
softer  kinds  of  wood. 

I'he  digestion  of  cellulose  in  the  intestines  of  animals 
is  probably  brought  about  by  similar  organisms.  Griffiths  finds 
however  that  the  digestive  fluid  found  in  the  intestine  of  the 
«&rth-wonn  {Lumhrtciis)  dissolves  cellulose.  Xo  definite  evi- 
dence of  the  presence  of  cytase  in  these  microbes  is  at  present 
forthcoming.     De  Bary  docs  not  quote  experiments  proving  the 

^lormation  of  the  enzyme  in  the  cases  he  quotes,  and  for  the 
present  it  can  hardly  be  considered  established.  The  course  of 
the  dec^>in position  too  oh  suggested  by  him  does  not  rest  on  an 
experimental  basis. 
_  Vignal  has  shown  that  Bncillns  vheneniericus  vuigatus  secretes 
Pcytase  which  dissolves  the  middle  lamella  of  vegetable  cells. 
The  pi-oducts  of  the  action  of  cytase  have  not  been  satis- 
fiwrtorily  exaniiued  up  to  the  present  time.  The  decompositions 
are  no  doubt  vcn.*  complex,  as  we  should  infer  from  the  varying 
character  of  cell-walls.  The  cellulose  constituents  of  the  latter 
ultiinawly  yield  s*nne  fdriii  of  sugar,  while  the  pt^ctose  is  hydro- 
1  lysfd  to  nietapectio  acid,  which  also  possibly  forms  a  similar  body. 
■  By  the  action  of  acids,  especially  sulphuric  acid,  cellulose  itself 
«  can  be  hydrolysed  through  a  series  of  dextrins  to  gluco«a  Some 
of  its  modifications  yield  on  hydrolysis  pentos(i  sugars  as  well 
OS  hexoses.  The  pectoses  yield  a  series  of  gelatinous  hydrates, 
resembling  in  this  behaviour  the  mucilage-yielding  constituents 
of  many  seeds.  Ultimately  metapectic  acid  is  formed,  which 
is  apparently  identical  with  the  arabic  acid  found  in  great 
abundance  in  gum  arabic.  From  the  latter  by  continued 
hydrolysis,  galactose  (a  hexose),  and  arabinose  (a  pentose),  can 
b«  prepared. 

4rrording  to  Tollens  and  Ganz  cellulose  can  undergo  trans- 
nto   a  sugar   which    they  call   seminose,  which   in 

7—2 


100  CYTASE.   AND  OTHER  [CH. 

apparently  ideDtical  with  mannose.  They  prepared  it  by 
warming  mucilage  with  dilute  acids.  Reiss  prepared  the  same 
sugar  from  reserve-cellulose  by  the  action  of  dilute  sulphuric 
acid. 

Cross  and  Bevan  say  that  when  the  oxycelluloses,  such  as 
occur  in  ligniBed  cell- walls,  are  boiled  with  sulphuric  acid^  at 
first  concentrated  and  subsequently  diluted,  they  are  resolved 
into  carbohydrates  of  low  molecular  weight,  glucose  and 
sometimes  also  mannose  being  formed  The  pecto-cellulose 
group,  of  which  the  cell-walls  of  ordinary  parenchyma  consist, 
yield  in  addition  galactose  and  the  two  pentoses  xylose  and 
arabinose.  Galactose  has  been  obtained  from  the  cell-walls 
of  the  seeds  of  Lupinus  Ivteus,  Soja  kispida,  Coffea  arabica, 
PisuiH  sativum,  Cocos  nuci/era.  Phoenix  dactylifera,  etc.  Man- 
nose is  obtained  in  relatively  laige  quantity  fix>m  many  seeds, 
especially  those  of  Pkytelephas,  and  pentoses  from  the  seeds  of 
the  cereal  grasses  and  of  several  leguminous  plants. 

Reiss  has  stated  that  in  the  hydrolysis  of  cellulose  obtained 
from  the  seeds  of  Phoenix  and  Phytelephas,  a  body  correspond- 
ing to  dextrin  is  first  formed.  It  is  Isevo-rotatory.  By  further 
hydrolj'sis  it  yields  a  dextro-rotatory  sugar,  identical  with  the 
seminose  of  ToUens  and  Ganz.  Schulze  obtained  both  galactose 
and  a  pentose,  probably  arabinose,  from  the  thickened  walls  of 
the  cells  of  the  cotyledons  of  Lupinus  luteue. 

Bourquelot  and  Herissey  have  recently  described  a  variety 
of  cytase  which  they  have  found  capable  of  acting  on  pectine, 
destroying  its  power  of  gelatinising,  and  giving  rise  to  a 
reducing-sugar.  They  prepared  it  from  germinated  barley 
which  had  been  slowly  dried  at  a  temperature  of  30* — 35"  C, 
by  extracting  it  with  chloroform  water  and  adding  alcohol  till  a 
precipitate  fell.  The  precipitate  was  collected  and  dried  in 
racut).     lu  thrw  vessels  thoy  prepared  the  following  mixtures : 

{\\  15  CO-  of  a  1  }x^r  ivnt.  solution  of  the  precipitate, 
and  15  c.o,  of  a  i  |xt  cent,  solution  of  pectine. 

^2)     A  similar  uiixtuw.  but  ihe  enz}*nie  solutiwi  was  boiled. 

t,;U     A  mixiurx^  like  the  tirst,  with  the  addition  of  -05  grm. 
of  chalk. 
Theso  were  then  dtgest^xl  at  the  laboraton*  temperature  for 
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42  boiire.  At  ihe  end  of  this  time  mixtures  (1)  and  (3)  haul 
lost  the  power  of  gelatinising,  whinh  was  not  affected  in  (2). 
Alcohol  gave  an  abuudaut  gelatinous  precipitate  with  (2)  but 
nob  with  either  of  the  others.  Titrated  with  FehLing'u  solution, 
(2)  gave  DO  reduction  of  the  cupric  oxide,  while  (1)  showed  the 
presenre  of  11  mgrms.  of  sugar  computed  as  glucose;  (3)  con- 
tiuned  36  mgrma  of  the  same  ^^ugar.  They  attribute  the 
difference  betweeu  (1)  and  (3)  to  the  feeble  acidity  of  the 
pectine.  which  retards  the  action  of  the  enzj'me.  This  acidity 
wa6  neutmlized  iu  (3)  by  the  chalk. 

It  is  not  clear  that  this  enzyme  is  different  from  that 
discovered  by  Brown  and  Morris,  as  these  observers  have  not 
determined  what  constituent  of  the  cell-wall  is  affected  by  it. 

From  a  consideration  of  all  these  experiments  there  appear 
to  be  two  varieties  of  cytase,  one  attacking  most  readily  the 
middle  Umella  and  the  other  the  layers  deposited  upon  it. 
The  Hrst  includes  the  enzymes  discovered  by  De  Bary,  Marshall 
Ward,  Gardiner  and  Vigual ;  the  second  is  the  cytase  of  the 
grasses  and  palms. 

Caroubinase. 

An  en^me  which  has  much  in  common  with  cytase,  if  it  is 
not  identical  with  it.  has  been  described  by  Effrout.  It  occurs 
to  the  seeds  of  the  Carob-bean  (Ceratonia  siliqua)  which  are 
sometimes  used  for  fodder.  These  seeds  contain  a  peculiar 
carbohydrate,  resembling  a  variety  of  galactan,  which  is  differ- 
ent from  either  starch  or  cellulose,  though  it  seems  to  have  a 
composition  similar  to  the  latter.  When  the  seeds,  freeil  from 
beir  coats,  are  digested  with  hot  water  over  a  water-bath,  they 
eld  a  transparent  jelly  which  when  diluted  ia  somewhat 
wyrupy  in  con.si.st«nce  tind  CAn  bt?  filtered  thnnigh  silk.  Addi- 
tion of  twice  its  volume  of  alcohol  or  baryta  water  precipitates 
from  this  jelly  a  carbohydrate,  which  can  be  purified  by  re- 
dissolving  it  and  again  precipitating  it  with  alcohol.  When 
this  product  in  dried  at  100^  C.  it  is  a  white  spongy,  friable 
substance,  giving  no  coloration  with  iodine,  and  having  the 
fonnula  C«H)»0|.  If  soaked  in  water  or  weak  solution  of  soda 
it  again  formu  a  jelly  or  a  viscid  transparent  mass :  !) — 4  grams 
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disBolveti  in  a  litre  of  water  yield  a  viscous  fluid  of  a  s^Tupy 
consistency.  It  is  soluble  in  hydrochloric  acid  in  the  cold,  and 
the  solution  does  not  reduce  FehlingB  solution,  and  has  no 
action  on  polarised  light.  If  oxidised  by  nitric  acid,  it  gives  only 
smull  tracL'8  of  mucic  acid,  showing  that  it  is  oot  of  a  pectic 
nature.  This  new  carbohydrate  haa  been  observed  by  Eflfront 
not  only  in  the  Carob-bean.  but  also  in  the  grains  of  rye  and 
barley.  It  appears  to  be  a  member  of  the  group  of  celluloses, 
and  to  resemble  mucilage  in  its  reactions.  During  the  germi- 
nation of  the  Carob-bftin  this  body,  to  which  Effront  gives  the 
name  caroubin.  is  readily  hydrolysed  by  the  action  of  an 
enzyme,  which  he  calls  carovbinase.  The  hydrolysis  takes  place 
feebly  at  fii'st,  but  becomes  vigorous  as  soon  as  chlorophyll  is 
developed  in  the  young  seedling. 

In  his  experimentfl  Effront  proceeded  as  follows : — Seeds 
of  the  Oarob  were  bruised  in  a  mortar,  and  extracted  with 
WHter  Ui  which  a  few  drops  of  chiorofiirm  had  been  added,  and 
they  were  allowed  to  macerate  fur  24'  hours  at  ^O*"  C,  ailer 
which  they  were  pressed  and  the  extract  filtered.  The  latter 
vfiis  then  examined  for  the  enzyme.  Glass  vessels  were  t^ken 
and  in  each  were  placed  .50  cc.  of  water,  1  c.c.  of  normal 
formic  acid  and  1  gram  of  powdered  caroubin.  After  mixing,  a 
measured  quantity  of  the  extnuit  was  added  to  each,  and  a  little 
chloroform  used  m  an  antiseptic.  Contixils  were  prepared  in 
each  case,  in  which  the  extract  used  had  been  exposed  for  half- 
an-hour  to  a  temperature  of  90"  C  The  activity  of  the  extract 
was  estimated  by  the  degree  of  gelatiniaation  remaining  in  each 
case  after  a  definite  interval.  The  contmlR  were  found  to 
remain  completely  gelatinised,  while  the  mixtures  prepared 
with  unhealed  extract  were  liquefied  mure  or  less  completely, 
the  amtiunt  of  viscosity  remaining  being  inversely  proportional 
to  the  quantity  of  extract  used.  Tested  in  this  way,  the  latter 
was  found  tu  liquefy  the  caroubin  and  subsequently  to  convert 
it  into  a  reducing-sugar.  At  the  moment  of  liquefaction  only 
traces  of  the  tatter  were  present,  but  from  that  point  onwards 
the  cupric-rcducing  power  of  the  digestion  continued  to  increase 
as  long  as  the  experiment  was  continued.  When  an  excess 
of  alcohol  was  added  to  the  liquid  at  the  moment  of  liquetaction^ 
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it  threw  down  a  precipitate  consisting  of  an  intermediate  pro- 
duct, which  was  strongly  dextro-rotatory  and  freely  soluble  in 
water.  This  body  was  easily  hydrolysed  into  sugar  by  tbe  action 
of  dilute  mineral  acids. 

The  sugar  resulting  from  the  action  was  foimd  to  be  un- 
crystalliaable,  and  to  be  a  hexasc.  It  was  fermentable  by  yeast, 
and  with  phenyl-hydrazine  acetate  it  yielded  an  osazone  which 
melted  at  1S3'  C.  The  sugar  had  the  saine  reducing  power  as 
glucose,  but  its  specific  rotAtory  power  was  (a)/,  =  +  24". 

Eflront  st-atea  that  the  enzyme  can  be  precipitated  by 
addition  of  five  times  its  volume  of  alcohol  to  the  extract  of  the 
seeds.  In  his  experiments  he  wsis  able  by  the  method  described 
to  compare  the  amount  of  earouhinase  present  in  accda  at 
different  stages  of  germination. 

Car^iubinase  acta  energetically  at  40"  C,  but  its  optimum 
point  is  between  45°  and  50^  C.  At  70"  C.  it  acts  with  difficulty, 
and  is  de3troye<l  at  80^  C.  It  acts  feebly  in  neutral  solution, 
and  more  energetically  in  the  presence  of  '01 — 03  per  cent, 
of  formic  acid. 


Own  ferment  of  Wxesner. 

In  1885  Wiesncr  described  an  enzyme  existing  in  gum- 
arabic,  which  he  sayn  transforms  cellulose  into  gum  or  mucilage 
and  which  has  the  power  of  converting  starch  into  dextrin  but 
not  into  a  reduciug-sugar.  In  hi»  experiuienta  he  used  5cc.  of 
a  2  per  cent,  solution  of  gum-arabic  and  I  c.c.  of  thin  starch- 
paste.  After  G  hours'  exposure  to  a  temperature  of  23"  C.  the 
solution  of  stjirch  became  limpid;  after  24  hours  it  gave  the 
eiythrodextiin  reaction  with  iodine,  and  subsequently  this 
diHappeared  and  achroodextrin  only  remained.  No  reducing 
sugar  was  formed  in  24  hciurs. 

Keiiiitzer  subsequently  examined  the  action  of  gum-arabic, 
and  came  to  conclusioiu^  oppnaed  to  Wiesner's.  Ho  found  that 
the  solution  of  gum  had  no  action  on  cellulose,  and  that  it 
converted  starch-paste  into  a  reducing-sugar.  He  held  it 
therefore  to  be  only  diastase. 


CHAPTER  VIII. 


SUGAR-SPUTTINO  ENZTUBS. 


The  enzymes  which  we  have  discnssed  so  far  have  been 
shown  to  have  one  peculiarity  in  common;  they  set  up  different 
series  of  transformations  of  various  carbohydrates,  and  the  final 
product  of  each  action  is  a  sugar,  although  the  same  sugar  is 
not  formed  in  every  case. 

Before  Fischer  started  his  classical  researches  on  the  sugars, 
our  acquaintance  with  them  hardly  extended  beyond  such  as 
contained  within  their  molecule  6  carbon-atoms  or  a  multiple 
of  them.  Of  those  with  6  carbon-atoms  we  knew  glucose, 
fi*uct08e,  galactose  and  sorbose.  Kiliani  showed  that  another 
sugar,  arabinose.  has  only  5  carbon-atoms.  Fischer  has  shown 
that  the  simpler  sugars  are  to  be  regarded  as  aldehyde-alcohols, 
or  as  ketone-alcohols,  and  that  the  simplest  of  them  is  glyoollic- 
aldehyde  CaU40i.  We  can  now  distinguish  a  series  of  these 
sugars,  the  successive  members  of  which  differ  from  each  other 
by  CH,0.  Fischer  has  shown  that  the  srathesis  of  these  can 
be  as  easily  accomplished  as  that  of  the  organic  acids  and  other 
compounds.  On  the  hypothesis  of  Le  Bel  and  Van  t'Hoff  on 
the  asymmetric  carbon-atom,  ther«  should  be  various  isomerides 
of  each  of  the$e  sugars  except  the  first,  the  number  varying 
according  to  the  contigurntion  of  the  molecule.  Sixteen  dif- 
ferent isomeric  sugars  should  theon^tically  exist  having  the 
formula  C,HbO«.  and  the  syuth^s  of  twelve  of  these  has 
alr«ttdy  been  accomplished. 

Besides  these  sugars  another  Aeries  exists,  the  polysae- 
cMariiUs,  which  may  be  rv^^arviod  as  deriwd  m>m  the  first 
series  bv  the  elimination  of  one  mvJecuIe  v>t'  wa:i^r  from  two  or 
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more  molecules  of  the  simplej  Hiigar.  When  they  undergo 
hydrolysis  through  the  dilute  action  of  mineral  adds  the 
change  which  takes  place  is  represented  by  the  equation 
CaH,0„  +  H,0  =  CtfHi A+ C(Kr,aO^  The  resul  ting  hexoeea  may 
be  the  same,  or  may  be  different  ones ;  cane-sugar  yields  glucose 
and  fructose:  milk-sugar  glucose  and  galaotoAe ;  maltose  gives 
two  molecules  of  glucose  only. 

In  the  living  organiRm,  whether  animal  or  vegetable,  we 
find  enzymes  which  are  capable  of  eflecling  the  hydrolysis  of 
these  polysaccharides  with  considerable  facility.  Six  of  them 
have  been  discovered  up  to  the  present  time,  aud  have  been 
named  iwertase  or  %nvertin,gltLca«e  or  uialtase,  lactase,  trehalose, 
rafinase  and  melizitaee, 

Invertase, 

As  long  ago  as  1847  Dubrunfaut  discovered  that  cane-sugar 
coald  be  dccumposeil  by  the  action  of  dilute  mineral  or  organic 
acids,  which  cause  it  to  take  up  water,  and  split  into  equal 
({oantitics  of  gluooHe  and  fructose,  the  former  nutating  a  ray  of 
polarised  light  to  the  right,  the  latter  turning  to  the  left.  The 
process  of  the  decomposition  has  been  termed  inversion  and  has 
given  its  name  to  the  enzyme  under  discussion.  Cane-sugar 
itself  haa  a  dextro-rotatory  pt>wer,  but  the  mixed  sugars  resulting 
from  its  transformation  turn  the  ray  of  polarised  light  to  the 
left.  This  inversion  of  the  direction  of  the  displacement  of 
the  ptilarised  ray  is  due  to  the  fact  that  the  levo-rotatory  power 
of  fructose  is  cousiderably  greater  than  the  dextro-rotatory 
power  t>f  glucose,  and  as  the  two  hexuses  ar«  fonned  in  equal 
quantities,  the  resulting  mixture  of  the  two  must  dcHect  the 
ray  to  the  left. 

In  his  exjicrinients  ujKm  this  pr<M;e»s  of  inversion  Buhninfaut 
succeefted  in  seftaiatiug  the  tno  hexoseu  from  each  other  by 
treating  a  solution  of  the  mixture,  now  commonly  kuown  as 
inwri-sxigar,  with  a  salt  of  calriurn.  This  fonns  a  compouml 
with  both  glucose  and  fructo^e^  but  thai  with  the  former  Ls 
much  the  more  soluble  of  the  two.  When  a  mixture  of  these 
sugars  is  treated  in  this  way  the  fructose-lime  compound 
slowly  crystallises  out  and  can  be  separated  from  the  other  by 
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nitration.  The  crystnls  uaii  bt*  dissolved  in  an  excess  of  wat^r. 
and  thu  two  sugars  con  both  be  freed  from  calcium  by  passing 
a  stream  of  CO.j  through  the  respective  solutions.  The  pre- 
cipitate of  cftlcium  carbonate  can  be  i-emoved  by  filtration  and 
the  separated  suji^ars  left  in  solution. 

Dubruhfaut  did  not  discover  the  enzyme  which  can  set  up 
this  change.  The  latter  remained  unknown  until  IStiO,  when 
it  was  isolated  from  yea.st  by  Berthelot.  Its  discoverj*  is  to  be 
associated  with  the  fact  that  ca,ne-sugar  is  not  fermentable  by 
yeast,  but  that  the  alcohol  produced  by  the  latter  arises  irom 
the  sugars  into  which  cjino-.sngar  splits  on  hydrolysis.  The 
earlier  workers  attributed  this  inversiou  to  a  certain  acidity  of 
the  yeast,  Pasteur  suggesting  that  it  arose  from  the  succinic 
acid  which  he  proved  the  latter  to  pixxluce  during  fermentation. 
Berthelot  was  able  however  to  show  that  it  was  quite  inde- 
pendent of  the  reaction  of  the  wort.  He  proved  it  to  be  due 
to  a  sohible  principle  which  is  present  in  the  water  in  which 
yeast  has  been  washed,  and  which  is  therefore  presumably 
excreted  by  the  cells  of  the  organism.  Berthelot  gave  this  new 
body  the  name  "ferment  glucosique." 

In  his  experiments  he  pressed  the  yeast  till  it  was  free  from 
the  wort  in  which  it  had  been  fermenting,  and  after  washing 
the  powder,  allowed  it  to  macerate  for  several  hours  with  twice 
its  weight  of  water.  After  filtering  he  found  that  the  filtrate 
contained  1*5  per  cent,  of  soluble  matter.  His  first  ]>oint  being 
the  investigation  of  Pasteur's  hj'pothestB  that  the  active  agent 
in  the  hydrolysis  of  cane-sugar  was  the  succinic  add  of  the 
fermentation,  he  added  some  of  his  extract  to  a  solution  of  cane- 
sugjir,  containing  20  per  cent,  of  the  latter  atid  2  per  cent,  of 
sodium  bicarb luate.  t'nder  such  couditions  he  found  hydro!}*siR 
took  place  and  the  alkalinity  of  the  solution  was  not  disturbed. 
The  change  was  therefore  clearly  not  brought  about  by  any  acid. 

Berthelot  further  isolated  the  enzyme,  though  he  did  not 
prepare  it  in  anything  like  a  purt^  condition.  His  method 
consisted  in  precipitating  it  from  an  extract  of  yeast  bv  the 
addition  of  an  equal  volume  of  alcohol.  The  precipitate  took 
the  form  of  white  tlocculent  aggregations  which  sank  to  the 
bottom  of  the  flask.    They  were  separate  from  the  liquid  by 
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decantation,  and  washed  with  aicohol  at  the  ordinary  tempera- 
ture, when  a  yellowish  horny  substance  was  Dbtained,  weighing 
about  one-Hftieth  of  the  original  soluble  matter.  Berthelot 
found  that  a  repetition  of  thiti  treatment  consicierably  iintuiin^l 
the  hydrolytic  power  of  the  product.  When  prepared  by  a 
single  preoipitatiou  only,  between  oO  and  100  purt^  of  cane- 
sugar  could  be  inverted  by  one  part  uf  the  enzyme. 

til  1864  Bechamp  publi.shed  the  resnlts  of  some  investiga- 
tions which  considerably  extended  the  state  of  knowledge  of  the 
distribution  of  this  ferment.  Besides  existing  in  yeast,  he  says 
it  is  present  in  several  moulds  and  in  certain  micro-oi^nisms. 
though  he  does  not  specify  them.  If  these  moulds  are  bruised 
in  solutions  of  cane-sugar  and  the  resulting  maiis  filtered,  the 
filtrate  can  soon  be  found  to  contain  glucose.  When  sufficient 
4)uantity  of  the  mould  can  be  obtained,  an  extract  can  be 
prepared  of  it  in  the  same  way  as  Berthelot's  extract  of  yeaat, 
or  the  active  principle  can  be  precipitated  from  an  infusion  of 
the  mould  by  the  method  ndoptod  by  Payen  and  Persoz  in 
the  case  of  dia.stase.  In  either  case  it  \s  found  capable  of 
hydri-ilysiug  solutions  of  cane-sugar  of  vaiious  degrees  of  con- 
atrstion,  but  it  loses  the  power  if  heated  to  a  temperature 
of  60-— 70' C. 

Besides  investigating  its  occuiTence  in  fungi,  Bechamp 
sought  for  it  in  the  higher  plants.  Supposing  that  the  presence 
of  chlorophyll  indicated  a  radical  diflFercncc  bttwecn  the  nature 
of  the  ultimate  metabolism  of  the  green  plants  and  that  of 
the  colourless  fungi,  he  formed  the  idea  that  those  parts  of 
the  higher  plants  which  had  no  chlorophyll  would  probably 
fthow  the  same  phenomena  a^  the  fungi.  Acting  on  this  idea, 
be  sought  for  the  hydmlysing  principle  of  the  moulds  in  the 
odoared  parts  of  various  flowers.  Though  his  fundamental 
position  was  unsound,  he  was  nevertheless  fortunate  in  his 
pursuit  nf  resemblances  of  behaviour,  for  he  discovered  the 
eiusyme  in  the  petals  of  Hohinia  viscosa,  R.  pseudo-acacia, 
iver  Rheas,  and  some  varieties  of  Rosa ;  also  in  the 
bracts  of  Rongaimnllea  spectabilis.  He  has  describeil 
hiB  experiments  with  the  petals  of  Hotnnia  viscoaa  in  detail. 
Tfckiog  a  quantity  of    flowers,   be  bruised    the    petals    and 
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expreseed  the  sap  from  them;  dividing  the  liquid  int4>  two 
parte,  he  added  to  one  a  certain  weight  of  caue*sugar  aod  a 
definite  quantity  of  wat-er  and  observed  the  rotation  of  a  ray  of 
polarised  light  sent  through  a  length  of  200  mm.  of  the 
mixture.  The  other  half  was  then  boiled  and  made  up  to  the 
same  strength  of  cane-sugar  as  the  firet  and  its  rotatory  power 
observed.  The  two  coincided,  showing  that  the  boiling  of  the 
juice  was  not  accompanied  by  any  change  that  would  interfere 
with  subsequent  compari.son  of  the  two  digestiona  He  pro- 
tected himself  against  disturbance  by  raicro-<>rganism8  by  the 
afJdition  of  two  drops  of  creosote  to  each  100  c.c.  of  the 
digesting  liquids.  The  two  preparations  were  then  set  aside  at 
the  ordinary  t-emperature  and  the  rotatory  power  was  examined 
at  intervals.    The  i-esults  were  as  under : — 


10  c.c^  Mp,  30  fftas.  oane-sttgnr,  3  dropri  cracwotc,  Boiled 

rnndo  up  to  100  c.c.  with  dirtillpd  water.  control. 

Initial  poUtiou  +  29'63"  +  2952" 

Rot-ition  aftfr  24  hours'  digCJttion      +  28-8'  *■  29-52" 

„       20  days  „  -    4*8'  +  29-28" 

Bechamp  failed  to  Had  the  enzyme  in  the  leaves  of  plants, 
a  fact  which  seemed  to  lend  a  certiiin  plausibility  to  hia 
hypothesis.  The  optimum  temperature  for  its  working  he 
determined  to  be  W— 50'  C. 

Bechamp  thought  that  the  enzyme  from  fungi  was  not 
<{uite  the  same  as  that  existing  in  the  flowers,  the  latter  in  his 
opinion  not  being  so  active  as  the  former.  He  gave  to  the 
first  the  name  st/mase,  which  a  little  later  was  changed  to 
sytkozymase,  while  he  called  the  second  anthozymase  to  indicate 
its  localisation. 

He  identified  a  similar  body  in  the  fruit  of  the  Mulberr}', 
but  finding  that  the  juice  of  the  latter  was  at  the  same 
time  capable  of  saccharifying  starch  solutions,  he  thought  it 
<ro«tained  a  now  enzyme  possessing  both  pi-operties.  He 
named  this  new  ferment  monyzymase.  In  the  light  of  sub- 
sequent discoveries  we  cim  say  with  tolerable  certoiuty  that  it 
was  a  mixture  of  his  zymase  and  diastase. 

The  name  zyitutse  was  soon  abandoned,  as  it  began  U 
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api^ied  to  enzymes  in  general.  The  term  invertin  wa^  sub- 
stituted for  it  by  Donath  in  lK7o,  and  this  name  has  been  iLscd 
in  connection  with  the  enzyme  until  (|uite  recent  years.  It  ia 
indeed  still  employed  by  writers  on  animal  phyaioloj^y  to  denote 
ftD  identical  enzyme  which  has  its  origin  in  animal  secretions. 
In  vegetable  physiology  it  in  becoming  replaced  by  wvertase. 

The  recognition  of  the  existence  of  this  enzyme  among  the 
aecretions  of  the  alimentary  canal  of  animiiKs  waw  first  made  by 
Claud  Bernard.  He  ascertained  that  cane-sugar  when  present 
in  the  blood  of  an  auimal  is  of  no  value  for  purposes  of 
nutrition.  When  injected  into  a  vein  it  is  almost  immediately 
excreted  from  the  body  by  the  kidnej-s  and  appear.s  unchanged 
in  the  urine.  When  taken  into  the  alimentary  canal  by  the 
mouth,  however,  it  has  a  distinct  nutritive  value.  Bernard  waa 
able  to  localise  the  region  in  which  it  undergoes  digestion,  and 
he  discovered  that  it  is  hydrolysed  in  the  course  uf  its  progress 
through  the  small  intestine,  and  gives  rise  to  the  same  reducing- 
mgsrs  as  are  formed  by  the  extract  of  yeast.  If  a  solution  of 
CftOd^ugor  is  placed  in  a  loop  of  the  intestine,  or  if  it  is  mixed 
with  an  infusion  of  the  mucous  membrane  of  that  region,  after 
a  very  short  interval  the  Injuid  is  found  to  have  acquired  the 
power  of  i-educing  Fehlinga  fluid,  which  cane-augnr  is  unable 
to  accomplish.  The  power  of  rotating  a  ray  of  polarised  light 
poasossed  by  the  original  solution  at  the  same  time  becomes 
cbaoged.  and  a  comparisun'  with  a  similar  cane-sugar  solution 
treated  with  a  dilute  minemi  acid  shows  that  the  products 
of  the  action  are  the  same  in  both  cases.  Bernard  showed  the 
tmnsformation  thus  taking  place  in  the  intestine  tn  he  due  to 
an  enzyme  identical  with  that  extracted  by  Berthelot  from 
yeast.  He  established  the  existence  of  invertin  in  the  in- 
tastiDes  of  rabbits,  dogn.  birrls.  and  frog-s  Other  subsequent 
investigators  have  shown  that  it  e.xists  also  in  the  Hlimeutar}' 
canal  of  some  of  the  Invertebrata ;  Ralbiani  proving  its  presence 
in  the  digestive  apparatus  of  the  silkworm.  Von  Planta  says 
the  stomach  of  the  bee  contains  a  juice  in  which  invert-sugar  is 
present,  while  its  fu<Kl  coumsLs  of  cane-sugar. 

Bernard's  discovery  that  the  auinial  organism  is  not  able  to 
imilate  cane-sugar  as  such,  led  him  to  (he  view  that   this 
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form  of  carbohydrate  is  probably  not  of  immediate  nutritive 
value  to  vegotable  protoplasm  cith(?r,  a  similar  parallelism 
having  becu  ustabliuhed  iu  the  case  of  starch.  With  the  object 
of  testing  this  hypothesis  he  instituted  a  series  of  researches 
upon  the  chemical  processes  involved  in  the  resumption  of 
development  of  the  Beet  after  the  formation  and  the  resting 
period  of  the  fleshy  root.  In  the  life-histor}'  of  this  plant  two 
well-niai'kcd  periods  can  be  observed.  During  the  first  year  of 
its  life  it  prcxiuccs  only  leaves;  at  the  end  of  the  summer  the 
root  becomes  enormously  enlargwl  and  the  sub-aerial  parts  die 
down.  The  succulent  tissue  of  the  root  is  found  to  contain  a 
very  large  amount  of  cane-sugar  which  has  been  transferred  to 
it  from  the  leaves  during  their  summer  activity.  After  the 
Mrinter,  growth  is  resumed,  and  a  new  stem  is  put  out  which  bears 
leaves  and  gives  rise  during  the  next  summer  to  the  flowers, 
fruit,  and  seeds.  This  renewed  growth  takes  place  at  the 
expense  of  the  reserve-materials  stored  in  the  root,  the  chief  of 
which  is  the  cane-sugar.  Bernard  discovered  that  at  the  onset 
of  this  second  period  of  active  life  the  caue-sugar  in  the  root 
begin.s  t-o  diminish  and  gets  continually  leas  and  less  as  the 
growth  proceeds.  Glucose  at  the  same  time  makes  its  appear- 
aace  there  and  can  be  traced  upwards  along  the  stem  to  the 
growing  region.  Glucose  also  appears  in  the  leaves,  while 
cane-sugar  is  altogether  absent  from  them.  Bernard  further 
ascertained  that  a  .similar  enzyme  to  that  he  had  discovered  in 
the  aniiuat  intestine  could  be  cxtract'cd  from  the  beet-roots  on 
which  he  was  experimenting  and  he  consequently  proved  that 
his  hypothesis  was  well-founded,  and  that  in  the  vegetable,  as 
well  as  the  animal  organism,  cane-sugar  needs  to  undergo  u 
process  of  digestion  or  hydrolysis  before  it  is  capable  of 
affording  nutritive  material  to  the  active  protoplasm.  The 
agent  in  both  cases  can  be  extracted  from  the  seat  of  the 
digestion  and  is  undoubtedly  the  same  enzyme. 

In  recent  years  a  very  important  modiHcatiou  of  the 
generally  received  ideas  of  the  primary  formation  of  carbo- 
h3'drates  in  leaves  has  been  advanciMl  by  Brown  and  Morris,  in 
the  course  of  a  discussion  of  a  series  of  experiments  they 
carried  out  on  the  physiology  of  these  organs.    These  researches 
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have  already  been  referred  to  in  coDnectiun  with  the  occurrence 
of  translocation  dioHtase  in  the  celU  of  tlm  mt*.supliy]I.  The 
authors  suggest  that  cane-sugar  and  not  glucose  is  the  earliest- 
formed  8Ugar  and  thai  the  starch  which  rapidly  appears  in  the 
chloropla^ts  is  the  expression  i>f  the  production  of  an  t^xcess  of 
this  carbohydrate.  As  it  is  alinosL  oertiiin  that  cjine-siigar  i» 
not  immediately  available  for  the  nutrition  of  protoplasm,  and 

the  cells  in  which  the  carbohydrate  material  ig  being  clabo- 
TBted  are  engaged  in  a  verj"  active  metabolism,  it  is  probable 
that  some  other  form  of  sugar  is  produced  to  supply  their 
immediate  needs.  There  are  two  possible  sources  of  such 
sagar* — the  starch,  which  can  be  converted  into  maltose,  and 
the  cane-sugar,  which  may  undergo  hydrolysis  as  in  other  parts 
of  the  plant.  It  appears  moat  probable,  as  Brown  and  Morris 
suggest,  that  the  newly  formed  cane-sugar  supplies  this  nutri- 
ment, the  surplus  only  being  stoi-ed  away  as  starch.  On 
this  assumption,  invertase  should  be  present  in  the  cells  to 
hydrolyse  the  cane-sugar,  so  as  to  pi-eseut  a  nutritive  sugar 
to  the  protoplasm.  It  is  far  from  unlikely,  too,  that  such 
preliminary  hydrolysis  takes  place  in  the  case  of  that  portion 
of  the  cane-sugar  which  is  the  antecedent  of  the  starch, 
as  the  latter  is  more  nearly  related  to  the  simpler  hexoses  than 
to  the  complex  polysaccharide.  The  hypothesis  of  the  first 
formation  of  can&-sugar,  with  the  subsequent  transformations 
suggested  above  appears  to  call  therefore  for  the  demonstration 
of  the  existence  of  iuvertase  in  foliage  leaves. 

Brown  and  Morris  made  some  experiments  to  test  this 
poiuL  They  took  some  air-dried  leaves  of  a  species  of  Tropoe' 
olura  and  powdered  them  in  a  niortar.  Two  grammes  of  the 
powder  were  digested,  with  antiseptic  precautions,  with  100  c.c. 
of  a  sulution  containing  4881  grrus.  of  cane-sugar  luid  were 
kept  at  a  temperature  of  30  C.  for  seven  days.  At  the  outset 
the  solution  had  no  action  on  Pehling's  Huid  but  at  the  end  of 
the  week  the  100  cc.  reduced  2064  grms.  of  CuO.  The 
opticity  changed  during  the  time  from  9"4°  to  T'Z".  These 
numbers  indicate  au  iuvertive  action  of  the  leaf  equal  to  the 
production  of  0894  grm.  of  invert-sugar,  an  atnount  equal  to 
nearly  45  per  cent,  of  the  weight  of  the  dry  leaf  used. 
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Koflinanu  atwi  has  detected  iiiveilaae  in  the  butis  and 
leaves  of  young  trees. 

The  enzyme  has  ak^o  been  discovered  in  the  rootlets  of 
germinated  barley,  but  its  extraction  preaente  considerable 
difficulty.  The  discovery  was  first  made  by  Kjcldahl,  whose 
work  has  been  supplemented  by  the  reseaitihes  of  J.  O'SuUivan. 
The  latter  observer  removed  weighed  quantities  of  moist  root- 
lets from  germinating  barley  and  immersed  them  in  a  solution 
of  cane-sugar,  allowing  them  to  digest  for  24  hours  at  the 
laboratory  temperature.  Controls  were  at  the  same  time 
prepared,  in  which  water  was  substituted  for  the  cane-sugar 
solution.  The  amount  of  invert-siigai-  present  in  the  latter  at 
the  end  of  the  experiment  was  a  meamiro  of  the  quantity 
present  in  the  rootlets  themselves,  Deducting  this  amount  he 
found  in  a  series  of  three  expt^rimcnts: 

(1)  r?  grma  of  moist  rootlets  inverted  r22  grms.  of  cane- 

BUgar. 

(2)  05  gnu.  of  moist  rootlets  inverted  137  grms.  of  cane- 

sugar. 

(S)     0*5  gi-m.  of  moist  rootlets  inverted  015  grm.  of  caue- 

HUgjir. 

While  inversion  took  place  in  all,  the  activity  was  not  the  same 
in  eiich  case,  a  fact  jjussibly  due  to  the  material  used  cuutainiug 
different  proportions  of  the  enzvane. 

The  existence  of  the  enzyme  and  the  difficulty  of  extracting 
it  are  also  established  by  the  following  experiment  which 
O'Sultivun  quotes — 

^1)  0'75  grm.  of  rootlets  were  digested  in  the  cold  for 
two  hours  with  lOc.c.  of  water;  the  extract  was  filtereti  and  the 
residue  washed  on  the  Biter  till  filtrate  and  washings  amounted 
to  60  CO.  To  40  C.C.  of  this  extract  26  c.a  of  a  10  per  cent, 
solution  of  cane-sugar  were  added.  (2)  The  residual  rootlets  on 
the  filter  were  added  to  another  2.5  cc.  of  the  same  sugar 
solution.  (3)  075  grm.  of  the  same  rootlets  were  added  to 
a  third  25  c.c.  of  the  sugar  solution.  The  three  sets  were  then 
digested  at  55° — 57**  C.  for  eight  hours,  and  after  standing  at 
the  laboratory  temperature  for  a  further  eight  hours,  all  were 
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made  up  to  100  cc  The  cane-augar  inverted  wjih  calculated 
from  the  cupric-oxide-reducing  power  of  each  100  c.c.  and  was 
found  to  be  as  under: — 

(1)  Extract  0'73  grm.  of  rootlets  inverted  0*19  grm.  of 
cane-sugar. 

(S)  Kesidual  rootlets  of  (1)  inverted  19  grams  of  cane- 
sugar. 

(3)  Original  075  grm.  of  rootlets  inverted  16  grm.  of 
cane-sugar. 

The  cupric-oxidc-reducing  power  of  the  sugar  in  the  rootlets 
themselves  was  ascertained  from  the  remaining  10  c.a  of  the 
original  extract  in  (1),  which  was  reserved  for  that  purpose. 

The  inverta.se  of  the  embryo  of  the  barley  was  not  confined 
to  the  rootlets,  but  a  eertfiin  amount  was  obtained  from  the 
plumule.  The  endosperm  of  the  grains  did  not  contain  the 
enzyuie. 

These  experiments  taken  in  conjunction  with  those  of 
Brown  and  Morris,  point  to  cane-sugar,  and  consequently 
inverCafle,  having  an  important  part  to  play  in  the  nutrition  of 
actively  growing  vegetable  protoplasm. 

Invertase  has  been  described  by  Atkinson  and  by  Kellner, 
Hon  and  Nagaoko  as  existing  in  rice,  and  in  Koji,  a  peculiar 
preparation  of  that  cereal  which  is  much  used  by  the  Chinese 
in  the  preparation  of  fermented  liquids.  The  rice  is  treated 
under  certain  conditions  with  the  fungus  Eurotium  oryzm. 
It  does  not  appear  very  evident  whether  the  latter  is  not  the 
source  of  the  enzyme,  rather  than  the  grain. 

Frankfurt  has  detected  the  enzyme  in  isolated  wheat- 
embryos.  Invertase  is  said  by  Mieran  to  be  present  in  the 
ripe  fruit  of  the  Banana.  An  aqueous  extract  of  the  fruit,  made 
at  ordinary  temperatures  and  allowed  to  stand  for  some  time 
I  65^  C,  was  laevo-rotatory,  the  rotation  being  given  by  Mieran 
■as  (o)i,=  -  7*66° :  a  similar  extract  made  at  100°  C.  was  dextro- 
rotatory, the  rotation  being  (a)o  =  + 17-49°.  When  the  ripe 
fruit  was  digested  with  a  solution  of  cane-sugar  the  rotation 
of  the  polarised  ray  became  reversed  in  direction.  In  one 
experiment  it  was  observed  to  change  from  +99"6°  to  —  11'22°. 

o.  r.  8 
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Mierau  does  not  appear  to  have  extracted  the  enzyme  firom 
the  fruit. 

Invertase  is  associated  as  we  have  seen  with  cane-sugar  in 
resen'oira  of  reserve-materials  in  various  parts  of  the  plant, 
Cane-sugar  is  sometimes  stored  in  other  places  than  those 
mentioned,  with  a  view  to  subsequent  utilisation.  Many  pollen 
grains  are  known  to  contain  it  in  small  quantity  and  it  is 
consumed  in  their  germination.  Van  Tieghem  first  discovered 
it  in  these  bodies  in  1886 ;  he  germinated  the  pollen  of 
various  plants  in  a  10  per  cent,  solution  of  cane-sugar  and 
detected  a  rcducing-sngor  in  the  liquid  which  he  filtered 
off  from  his  cultures.  When  the  poUon-grains  were  placed 
in  the  same  solution  and  germination  prevented  by  the 
addition  of  a  few  drops  of  chloroform,  the  same  result  was 
arrived  at,  so  that  he  was  able  to  conclude  that  the  enzyme 
was  present  in  the  pollen  apart  from  germinative  changea. 

In  1893,  the  writer  demonstrated  its  presence  in  the  pollen 
of  Eucharis,  Narcissus,  Kellebortts,  Rtchardia,  Lilium  and 
Zamia,  and  was  able  to  extract  it  from  the  resting  grains  by 
bruising  them  in  an  agate  mortar  and  extracting  the  resulting 
pi^wder  by  various  .solvents.  He  was  able  to  ascertain  further 
that  the  quantity  increased  considerably  during  the  process  of 
germination,  and  that  the  increase  was  much  greater  when  the 
pjllen  was  allowed  to  germinate  in  caue-sugai-  solution  than 
when  it  was  sown  in  water  only.  A  most  striking  experiment 
was  made  with  the  pollen  of  Nm-cissus  poeticus.  The  pollen 
was  collected  from  &06  anthers,  and  weighed  3  grm.  This  was 
divided  into  three  parcels  of  1  grm.  each.  One  parcel  {A) 
was  steeped  at  ouce  in  10  cc.  of  chloroform-water;  another 
(B)  was  made  to  germinate  in  water  od  a  glass  plate;  and  the 
third  (C)  similarly  in  15  per  cent,  solution  of  caue-sugar. 
Wlicn  genniuatiou  was  well  advanced  the  cultures  were  care- 
fully washed  from  the  plates  and  all  three  made  up  to  15  cc. 
with  chloroform-water.  They  were  then  all  filtered,  each  was 
mixed  with  25  cc.  of  10  ppr  cent,  cane-sugar  solution  and  all 
were  allowed  to  digest  for  93  hours  at  the  ordinary  laboratory 
temperature.  The  chloroform  was  subsequently  removed  from 
each  digestion  by  boiling  it  for  some  time  and  finally  all  w< 
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titrated  with   Fehling's  aolution.    The  quaotities  of  invert- 
SBg&r  in  the  three  cases  wore  found  to  be  as  under: — 

A.  (Ungcnninated)  '19  grm. 

B.  (Germinated  in  water)  '5  grm. 

C.  (Germinated  in  cane-sugar  solution)  1-37  grra. 

The  secretion  or  formation  of  the  enzyme  appears  from 
this  experiment  to  be  materially  increased  by  the  absorptioD 
of  the  nutritive  sugar,  derived  from  the  hydrolysis  of  the 
onginal  carbohydrate. 

Besides  this  very  wide  distribution  in  the  higher  plants, 
invertase  has  been  found  to  exist  in  many  fungi  besides  those 
already  alluded  to.  Hansen  has  found  it  in  several  of  the 
SaocharontyceUa.  Wasserzug  discovered  it  in  certain  ftingi 
belonging  to  the  genus  Fu^arium,  which  are  capable  of  growing 
in  solutiuns  of  cano-sugai',  and  which  lead  to  the  formation  of 
glucose  in  the  culture  )i(iuid.  He  was  able  to  detect  an 
excretion  of  the  enzyme  by  the  mycelium  by  modifying  the 
culture  medium.  When  the  latter  was  the  bouillon  prepared 
from  veal,  invertase  wait  discharged  into  it  in  small  quantity 
just  at  the  time  when  the  fungus  was  developing  its  conidia. 

Id  1878,  Gayon  found  that  when  Asper^lluM  niger  was 
cultivated  in  a  medium  containing  cane-sugar  a  certain  amount 
of  invert-sugar  was  produced,  a  discovery  which  was  confirmed 
by  Duclaux  in  18SS.  Fembach  in  1890  determined  this  to  be 
due  to  the  presence  of  iuverta^e,  and  ascertained  that  the 
flocretion  of  the  enzyme  was  not  confined  to  the  period  of 
fructification,  but  extended  over  the  whole  period  of  the  life  of 
the  organism,  the  quantity  yielded  being  approximately  the 
same  at  all  times.  Bourquelot  three  yeant  later  found  that 
ao  extract  of  the  mycelium  of  Aspergillus  effected  complete 
iaveraiun  of  a  2'5  [»er  cent,  solution  of  cune-sugar  when 
digested  with  it  for  24  hours  at  22''  C. 

Bourquelot  in  1886  detected  the  presence  of  invertase  in 
Peniciliam  glaucmn  and  was  able  to  extract  it  from  the 
tnycelium,  but  only  when  the  fungus  had  arrived  at  maturity. 
Aa  uUied  species,  P,  Duclaiuri,  when  cultivated  in  cane-sugar 
solution  was  found  capable  of  inverting  it,  but  the  invertase 
na  not  discharged  into  the  culture  medium.     The  enzyme  is 
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apparently  present  in  the  latter  fangus  throughout  its  whole 
life,  as  its  spores  germinate  readily  in  cane-wngor  solutions. 
Fischer  and  Lindner  have  noticed  a  similar  occurrence  of  the 
enzyme  in  Monilia  Candida^  the  fungus  hydrolysing  cane-sugar 
hut  not  yielding  the  ferment  to  an  extracting  fluid. 

Invertasc  is  not  uniformly  present  in  the  fungi ;  Polypotiu 
sulpiiuretis  has  heen  found  by  Bourquelot  not  to  contain  it. 
It-s  distribution  thruughout  the  group  however  has  not  been  A^f 
all  fully  investigated.  ^ 

Invcrtase  uppears  to  be  very  seldom  met  with  in  Bacteria. 
Fermi  and   Moatesano  found   that   Bacillui  megaOierium.  B. 
fivores<xns    liqtie/acietis,   the    red    Kiel    Bacillus   and    Proteua 
vxilgaris  were  capable  of  producing  it  in  bouillon  to  which  cane-     i 
sugar  had  been  added.     Vau  Tieghem  has  shown   that  it  t^| 
secreted  by  Leuconostoo  mssenterioidea.    The  writer  has  detected" 
it  in  cultures  of  a  bacillus  which  is  associated  synibiotically  with 
a  yeast  in  certain  jelly-like  masses  infesting  the  sugar-cane.    It 
is  excreted  by  the  microbe  into  the  surrounding  liquid.  H 

It  is  not  certain  how  far  the  action  of  invortase  in  thes^H 
lower  forms  is  intracellular.  Different  observers  differ  as  to 
whether  in  normal  life  the  invertase  is  excreted  into  the 
surrounding  medium.  The  opinion  is  however  gaining  ground 
that  when  the  organisms  are  growing  under  favourable  conditions 
the  enzyme  passes  out  through  the  thin  cell-walls  and  works 
exti-a-cellularly.  Its  power  of  diffusion  is  not  very  great  and 
Eloquently  so  little  of  it  is  sent  out  of  the  cells  that  it  may 
«asil}F  escn|)e  observation.  This  is  not  difficult  when  the 
method  of  examination  used  is  that  of  precipitation  of  the 
liquid  by  alcohol  This  as  we  have  seen  above  is  deleterious  to 
invettaee  and  probably  destro^-s  it  entirely  when  it  is  present 
in  small  amount.  This  may  explain  the  failure  of  some 
obscncrs  to  obtain  endence  of  its  excretion  and  extra-cellular^ 
action.  H 

The  occurrence  of  in\-ertase  in  the  alimentary  canal  of 
Mammals  is  chiefly  confined  to  the  !<iii&ll  intestine,  in  which,  as 
already  mentioned,  Bernard  first  discxtvered  iL  Mtura  has  stated 
that  it  is  present  also  in  small  quantity  in  the  tissue  of  the 
ooloo,  stomach,  and  paucreaa.     He  detected  it  not  only  in  th« 
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digestiTe  tract  of  living  auiTnals.  but  also  in  that  of  auiinals 
which    were    still-born.      Abeloua    and    Heim   found    it   with 

t  diastase  in  the  eggs  of  certain  Crustaceans. 
Various  methods  have  boen  adopted  for  the  preparation  of 
iuvertase  from  one  or  other  of  the  sources  already  described. 
Hoppe-Seyler  killed  yeast  by  ether  and  then  extracted  the 
enzyme  by  water,  wubsoquently  precipitating  it  by  alcohol. 
Gunning  extracted  it  from  washed  yeast  by  means  of  glycerine. 
A  more  elaborate  method  was  used  by  Zulkowsky  and  Kanig; 
these  observers  washed  yeast  with  alcohol,  dried  and  powdered 
it  and  extracted  the  powder  with  water.  After  filtration  the 
liltrate  was  shaken  up  ivith  ether,  which  caused  the  invertase 
to  separate  out  in  a  mass  resembling  frog-spawn.  This  pre- 
cipitate waa  again  extracted  with  water  and  the  enzyme 
thrown  out  of  solutiou  by  alcohol.  So  prepared  it  was  when  dry 
a  white  substance,  Holuble  in  water,  yielding  a  neutral  solution. 
It  precipitated  lead,  copper,  and  mcrcurous  salts,  but  had  no 
action  on  ferric  perchtoride  or  potassium  ferrocyanidc,  and  its 
solution  was  not  rendered  turbid  on  boiling  with  dilute 
acetic  acid.  According  to  Bechamp  it  has  an  optical  activity 
(a)^  =  +  4r. 

O'Sullivan  and  Tompson  have  investigated  the  action  of 
iuvertase  in  considerable  detail.  They  prepared  it  in  large 
quantity  from  ordiuar)'  top  fermentation  pressed  yeast.  This 
waa  allowed  to  stand  at  a  tt'inperature  of  about  lo^C.  for 
a  mouth,  when  it  had  become  partially  lii^ucfied.  The  liquid 
mass  was  then  pressed  in  a  screw  filter-press  and  yielded 
a  clear  yellow  solution.  Alcohol  was  next  addeil  until  47  i>er 
cent,  of  the  spirit  was  present  and  the  mixture  was  allowed 
to  stand  two  days.  There  was  a  fairly  bulky  precipitate  and 
ihe  snpematant  liquid  was  quite  inactive.  The  precipitate 
was  allowed  to  settle  in  tall  vessels  and  water  was  added  to 
rodiasolve  the  invertase.  Wheu  the  strength  of  the  alcohol 
was  reduced  to  28  per  cent  the  enz3rme  had  gone  into  solution 
and  a  considerable  amount  of  albumiuous  matter  remained 
audi&uolved.  The  liquid  was  then  filtered  and  again  made  up 
to  47  per  cent,  of  alcohol.  The  precipitate  reappeared,  wus 
eepanted  and  washed  with  absolute  alcohol,  and  dried  in  vacuo 
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over  (nilphuric  acid.  So  prepared  the  invertase  was  very  active, 
but  not  quite  pure;  it  contained  about  5  per  cent,  of  ash,  which 
consisted  of  phasphates  of  potassium  and  magnesium.  The 
authors  regard  the  ash  as  an  impunty  and  do  not  consider  it 
as  entering  into  the  composition  of  the  enzyme.  Efforts  to 
purify  the  latter  beyond  this  point  were  futile,  as  it  proved 
to  be  a  very  unstable  body  and  decompo^eil  iluring  the  further 
treatment.  It  possessed  a  specific  rotatory  power  of  (o)j  =  + 80" 
Teast  appears  to  contain  an  amount  of  invertase  equal  to  about 
2 — 6  per  cent,  of  its  dry  weight. 

The  action  of  the  enzyme  is  the  same  as  that  of  dilute 
mineral  acidn,  a  molecule  of  cane-sugar  taking  up  a  molecule 
of  water  and  splitting  into  two  molecules,  one  of  glucose,  the 
other  of  le\-ulo8e  (fructose).     Evidence  of  the  action  is  afforded 
by  the  change  in  the  p*>wer  the   solution   has   of  rotating  a  ^ 
beam  of  polarised  light  and  by  the  development  of  the  property  ™ 
of  i-educing  cupric  to  cuprous  oxide  when  boiled  in  the  presence 
of  excess  of  alkali.     Cane-sugar  does  not  possess  the  latter  fl 
property.  ^ 

When  invertase  is  digested  with  a  solution  of  cane-sugar 
the  action  is  most  rapid  at  first  and  gradually  diminishes  as  the 
cane-sugar  disappears.  The  rate  of  the  inversion  may  always 
be  represented  by  a  definite  time-curve,  which  is  practically 
that  given  by  Harcourfc  as  being  the  one  expressing  a  chemical 
change  of  which  no  condition  vanes  excepting  the  diminution 
of  the  changing  substance.  So  long  as  the  conditions  under 
which  the  digestion  is  taking  place  remain  unchanged  this 
curve  expresses  the  course  of  the  transformation.  f 

Among  conditions  which  materially  influence  the  progress  " 
of  the  action  of  invertase,  we  may  mention  the  reaction  of  the 
liquid,  the  concentration  of  the  cane-sugar  solution,  and  the 
temperature  at  which  the  digestion  is  carried  out. 

Minute  quautities  of  sulphuric  acid  accelerate  the  action  in 
a  very  remarkable  manner,  but  the  actual  amount  required  to 
produce  the  greatest  effect  varies  with  the  amount  of  invertase 
present  and  with  the  temperature  at  which  the  hydrolysis  is 
conducted.  The  more  there  is  of  the  eDZ}'me  in  the  solution 
the  greater  is   the   amount   of  add   required   to  obtain  the 
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maximum  action.  When  the  temperature  of  the  digestion  was 
50°  C.  O'SulUvan  and  Tompson  found  that  with  "4  per  cent, 
of  iDvertaae  present,  the  optimum  amount  of  sulphuric  acid  was 
12"5  parts  per  million  of  the  solution;  with  1'5  per  cent,  the 
amount  required  for  the  greatest  activity  was  15  per  million. 
In  another  experiment,  carried  out  at  l^'o"  C,  when  the 
quantity  of  invertase  amounted  to  15  per  cent.,  computed  on 
the  weight  of  sugar  used,  the  most  advantageous  quantity  of 
acid  was  73  parts  per  million  of  the  solution ;  with  ten  times 
as  much  invertase  the  optimum  amount  of  acid  was  250 
parts  per  million.  There  appears  to  be  no  definite  ratio  be- 
tween the  quantities  of  invertase  and  acid  which  are  necessary 
to  secure  the  maximum  rate  of  hydrolysis. 

If  the  amount  of  acidity  was  carried  beyond  the  most 
forourafale  point,  even  to  a  very  slight  extent,  itH  effects  were 
very  detrimental.  In  one  of  O'SulUvan  and  Tompson's  ex- 
periments, conducted  at  60**  C,  '34  per  cent,  of  invertase  being 
used,  an  excess  of  only  two  parts  of  acid  per  million  of  the 
solution  lowered  its  activity  elevenfold. 

Mtiller  found  that  bo  feeble  an  acid  as  carbonic  acid 
accelemtcd  the  hydrolysis. 

The  action  of  the  caustic  alkalis,  even  if  they  are  present 
in  very  small  proportion,  is  verj'  detrimental;  to  vegetable 
invertase  they  arc  iostantly  and  irretrievably  destructive  of 
the  enzjTne.  This  does  not  appear  to  be  the  case  with  the 
invertiu  of  the  small  intestine,  which  effects  hydrol}'sis  while 
the  reaction  of  the  intestinal  contents  is  still  alkaline. 

The  most  favourable  concentration  of  the  sugar  solution  has 
been  found  by  O'SulUvan  and  Tompson  to  be  about  20  per  cent., 
the  digestion  being  conducted  at  54*"  C.  Below  this  percentage 
the  speed  of  inversion  rapidly  decUnes ;  stronger  solutions  arc 
bydrolysed  at  only  slightly  lower  rates,  until  the  concentration 
reaches  40  per  cent.  In  saturated  solutions  the  hydrolysis  is 
very  slow  and  feeble. 

The  activity  of  invertase  can  be  detected  at  a  temperature 
a  verj'  little  above  O^C.  but  it  then  works  very  slowly.  As  the 
temperature  rises  the  action  becomes  more  evident  but  rises 
only  gradually  at  first,  and  then  more  rapidly  up  to  nearly 
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60*^0.  According  to  O'Sullivan  and  Tompson  it  doubles  itself 
appn>ximaltily  for  each  ri»e  of  lO^C  The  oplimtiiu  point 
is  somewhere  between  55^  C.  and  60"  C.  Muller  found  the 
relative  activities  at  0°,  10°.  20°,  30%  and  40*  C.  to  be  respect- 
ively 0,  19,  36,  63  and  93,  and  the  optimum  temperature  to  be 
a  little  under  50' C.  Above  65' C.  the  enzyme  is  slowly 
destroyed  and  at  10"  higher  the  destruction  U  immediate. 

The  action  of  alcohol  is  deleterious,  particularly  if  much  is 
present.  The  enzyme  is  precipitated  unaltered  by  47  per  cent-, 
of  the  spiiit  but  larger  proportions  decompose  it  When 
alcohol  is  present  in  quantities  too  small  to  aifect  tfae  com- 
position of  the  enzyme  it  can  diminish  its  hydrolysing  power. 
If  5  per  cent  only  i^  present  in  a  digestion,  the  activity  of  the 
invertase  is  reduced  one  half. 

There  is  some  diflfereuce  of  opinion  as  to  the  influence  of 
the  products  of  hydrolysis  on  the  action  of  the  enzyme. 
O'Sullivan  and  Tompson  say  that  they  have  no  influence  on 
the  rate  of  the  change,  while  MUllcr  states  that  they  are 
distinctly  inhibitory. 

The  power  of  the  enzyme  is  practically  inexhaustible  i  a 
sample  which  had  induced  inversion  of  100,000  times  its  owu 
weight  of  cane-sugar  wa.s  found  by  O'Sullivan  and  Tompson  to 
be  still  active ;  they  showed  moreover  that  invertase  itself  is 
not  destroyed  or  materially  injured  by  its  action  on  cane-sugar. 

Fembach  noted  thai  his  exti-act  pi-epared  from  As|H:rgiltua 
was  less  active  in  light  than  in  darkness,  and  that  the  inhibitory 
effect  of  the  illumination  was  greater  as  the  extract  was 
gradually  made  more  acid. 

A  very  remarkable  feature  of  the  invertase  obtained  by 
O'Sullivan  and  Tomp^^n  was  that  when  it  was  heated  in  a 
solution  of  uine-sugar  during  a  period  of  active  hydrolysis  it 
was  able  to  withstand  without  decomposition  a  temperature  of 
25°  C.  higher  than  was  sufficient  to  destroy  it  when  in  solution 
in  water  and  consequently  inactive,  A  discussion  of  thus  very 
interesting  fact  must  be  deferred  however  to  a  subsequent 
chapter. 

,The  importance  of  invertase  in  both  the  animal  and 
vegetable  economy  seems  to  be  primarily  what  has  already 
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been  indicated,  viz.  to  convert  cane-sugar  into  other  sugatH 
which  can  be  asfiimilated  by  protoplasm.  This  spedeu  of 
digestion  can  take  place  either  in  the  iDterior  of  the  cells  in 
which  the  enzyme  is  secreted,  as  in  inuHb  vegetable  sources,  or 
outside  them,  as  in  the  alitncntary  canal  of  the  animal  organism. 
In  the  case  of  yeast  the  excretion  of  the  invertase  appears  to 
precede  any  digestion  of  sugar.  Onimua  Uaa  shown  that  as  hen 
a  solution  of  yeast  in  distilled  water  is  allowed  tu  dtfiuye 
through  parchment  pa{)er  into  a  solution  of  cane-sugar,  iii- 
vcision  can  be  observed  in  the  latter  after  15  to  20  minutes. 
Yeast  cells  do  not  undergo  rapid  gi-owth  outside  the  dialyuer 
until  nearly  12  hours  later.  He  Buggests  that  the  secretion  of 
the  invertase  is  uecessary  tu  prepare  a  uidiiH  favourable  to  the 
development  of  the  yeast  organism.  On  this  view  the  inversion 
of  cane-sugar  by  yeast  is  extru-cellular. 

Invertase  has  been  shown  to  act  chieOy  if  not  entirely  on 
cane-sugar.  O'Sullivau  however  has  stated  that  it  is  capable 
of  hydrolysing  raffinose,  but  with  considerably  loss  rapidity. 
The  products  appear  to  be  gjilactose,  glucose  and  fructose. 
Bourquelot  has  recently  found  it  capable  of  hydrolysing 
gentianoee,  a  peculiar  sugar  which  is  present  in  the  roots  of 
various  species  of  Gentians,  Like  cane-sugar  gentiunoso  does 
not  reduce  Fehling's  solution ;  it  has  a  dextro-rotatory  power 
on  polarised  light.  On  inversion  a  reducing-sugar  is  produced 
and  the  liquid  becomes  laevo-rotatorj*.  Bourquelot  thinks  that 
gentianose  is  a  very  complex  polysacchatidc  containing  in 
its  molecule  cane-sugar  and  another  polyglucosc,  and  that 
invertase  only  attacks  the  former  group. 
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Glucose.    {Maltose,) 

In  unr  discussion  of  the  action  of  diastase  on  starch  in  an 
earlier  chapter,  attention  was  ciilltxi  to  a  cnrions  discrepancy  in 
the  nature  of  the  final  product  when  diastase  from  different 
regions  of  the  alimentar}*  canal  is  taken  as  the  hydrolyang 
agent.  The  enzyme  nf  saliva  converts  starch  into  maltose; 
among  the  products  of  hydrolysis  taking  place  in  the  intestine 
glucose  undoubtedly  appeai-s ;  the  sugar  also  which  leaves  the 
liver  is  the  latter  variety.  A  good  deal  of  uncertainty  has 
consequently  been  felt  as  to  whether  or  no  there  might  not 
exist  more  than  one  variety  of  diastase,  characterised  by 
the  power  of  transforming  starch  into  these  different  sugars 
respectively. 

The  study  of  the  fate  of  maltose  in  the  economy  has  shown 
that  like  cane-sugar,  of  which  it  is  an  isomer,  it  is  not  made 
use  of  by  the  tissues  without  preliminary  hydrolysis.  Philips 
showed  in  1881  that  when  maltoee  is  injected  into  the  blood 
of  an  animal,  a  good  deal  of  it  is  excreted  unchanged  in  the 
urine,  much  as  cane-sugar  is,  though  not  to  so  lai^  an  extent. 
Glucose  tm  the  other  hand  is  used  up  by  the  organism  if 
introduced  into  the  body  in  a  similar  manner.  Dastre  and 
Bourquelot  found  in  188+  that  if  the  quantity  of  maltose 
injected  is  not  too  large,  a  good  deal  of  it  is  not  voided  by  the 
kidney,  and  that  therefore  \tn  fate  differs  somewhat  from  that 
of  cane-sugar,  part  of  it  at  any  rate  being  utilised  by  the 
organism. 
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The  similarity  of  its  composition  to  that  of  cane-sugar, 
coupled  with  the  ascertainetl  fate  of  the  latter  and  with  the 
discovery  that  glucose  appears  among  the  products  of  the 
digestion  of  starch  in  the  intestine,  points  to  a  process  of 
inversion  taking  place  before  absorption.  Maltose  is  cajmble  of 
such  hydrolylic  conversion,  for  when  boiled  with  dilute  minei'al 
acids  it  splits  up  according  to  the  equation 

two  molecules  of  gluooae  being  formed,  instead  of  one  of 
glucose  and  one  of  fructose  as  in  the  case  of  the  corresponding 
hydrolysis  of  cane-sugar.  Maltose  differs  from  cane-sugar  and 
from  glucose  in  its  power  of  rotating  a  ray  of  polarised  light, 
it«  specific  rotatory  power  being  (o)o=  +  140''  in  10  per  cent, 
solution  at  20*  C,  while  that  of  glncose  is  (a)i,='  +  52*5*. 
Maltose  reduces  alkaline  solutions  of  cupric  oxide,  but  only 
two-thirds  as  much  as  glucose.  When  hydrolysis  takes  place, 
therefore,  the  optical  activity  of  the  solution  diminishes  while 
the  reducing  power  increases. 

An  investigation  into  the  details  of  the  digestive  changes 
in  the  small  intestine  was  undertaken  by  Brown  and  Heron, 
who  published  their  results  in  1880.  They  examined  the  be- 
haviour of  the  pancreas  of  the  pig  and  of  the  mucous  membrane 
of  the  small  intestine  of  the  same  animal.  Taking  a  pancreas 
ich  was  known  to  be  in  an  active  condition,  they  prepared 

extract  from  it,  which  they  found  capable  of  hydrolysing 
maltOAe,  with  the  formation  of  glncose.  but  which  only  acted 
very  feebly.  In  their  experiments  with  the  small  intestine, 
instead  of  using  the  fresh  tissue,  they  dried  the  tube  at  35° C. 
in  a  current  of  air,  and  shredded  it.  using  the  shreds  with  a 
solution  of  maltose  kept  at  40°  C.  They  found  that  it  was 
capable  of  converting  the  malt^'se  into  glncose  with  considerable 
ease,  much  more  quickly  indeed  than  the  pancroaa  They  held 
that  the  most  active  region  of  the  intestine  was  the  part  in 
which  the  so-called  glands  of  Peyor  occur,  these  structures 
being  really  lymphatic  follicles.  A  piece  of  dried  intestine 
from  this  region  completely  hydrolysed  a  solution  of  maltose 
in  nGve*  '^hey  -         thus  led  to  the  view  that  the 
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digestion  of  starch  in  the  Hinall  intestine  cunsiste  of  two  stages, 
one,  conducted  by  the  pancreatic  juice,  being  marked  by  the 
transformation  of  fltarch  tnto  maltose,  the  other,  taking  place 
subsequently,  mainly  under  the  action  of  the  succus  entericus, 
but  with  some  assistance  from  the  pancreatic  juice,  consisting 
of  the  further  hydrolysis  of  the  maltose  into  glucose.  They 
further  put  forward  the  view  already  suggested  that  maltose  is 
not  directly  assimilabli?  by  the  living  organism. 

Brown  and  Henm  further  drew  attention  to  the  digestion  of 
maltose  as  being  similar  to,  but  not  identical  with  that  of  cane- 
sugar.  Thoy  found  the  small  intestine  to  bo  capable  of  in- 
verting the  latter,  but  not  to  be  so  active  as  in  the  case  uf 
maltuse.  The  extract  of  the  pancreas,  while  feebly  h^'dro- 
lysing  maltose,  had  in  their  experiments  no  power  of  inverting 
cane-sugar,  nor  had  the  tissue  of  the  gland  itself 

In  18B1,  von  Meriug  confirmed  the  observations  of  Brown 
and  Heron  on  the  part,  played  by  the  pancreas.  He  found  that 
an  extract  of  that  oi-gau  taken  frum  a  dog  was  capable  of  slowly 
hydrolysing  maltose. 

In  1883,  Hourquelot  carried  out  a  series  of  researches  on  the 
rabbit,  in  which  he  confirmed  and  extended  the  conclusions  of 
the  previous  obseners.  Uc  used  the  fresh  tissues  and  carried 
out  his  experiments  under  antiseptic  conditions.  His  results 
may  thus  be  summarised:  (1)  In  the  rabbit,  during  digestion, 
the  pancreas  and  the  small  intestine  both  produce  an  enzyme 
which  hydrolyses  maltose.  (2)  This  enzyme  is  much  more 
abundant  in  the  intestine  than  in  the  pancreas.  (3)  It  is 
produced  almost  entirely  iu  the  median  region  of  the  small 
intestine,  portions  taken  on  the  one  hand  near  the  pylorus  and 
on  the  other  near  the  large  intestine  being  almost  or  entirely 
without  action.  (4)  The  enzyme  is  a  different  one  from  in- 
vertin,  for  the  enzyme  of  the  pancreas  which  hydrolyses  maltose 
has  DO  action  on  cane-sugar  and  the  iuvertase  from  yeast  (which 
18  identical  with  invertin)  has  no  action  on  maltose. 

Bourquelot  next  turned  his  attention  to  the  vegetable 
kingdom,  and  selected  for  experiment  two  fungi,  Aspergillus 
niger  and  PenidUum  glaucum,  both  of  which  thrive  extremely 
well  when  cultivated  in  a  solution  of  maltose.    He  triturated 
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the  mycelia  with  sand  in  a  mortur,  and  extracted  the  pasty 
TDBfis  with  a  little  water.  After  filtering  his  material,  he  added 
alcohol  to  the  filtrate  and  obtained  a  precipitate  which  he 
sepamted  by  a  farther  filtration,  and  dried  at  a  low  tempera* 
turc.  This  precipitate  was  soluble  in  water,  and  the  solution 
when  mixed  with  maltose  rapidly  hydrolyscd  it. 

On  account  of  the  fact  that  yeast  can  set  up  alcoholic 
fennentation  in  maltose  solutions,  aa  well  as  in  those  in  cane* 
sugar,  Bourquelot  next  directed  his  attention  to  this  organism, 
thinking  it  probable  that  in  both  cases  hydrolysis  of  the  polysac- 
charide must  precede  the  formation  of  alcohol.  He  failed  how- 
ever  to  obtain  direct  evidence  of  the  presence  of  the  new  ensyme 
in  the  yeast-cells,  but  some  experiments  led  him  nevertheless  to 
infer  that  it  was  present  there.  Adding  yeast  to  a  solution  of 
maltose  and  inliibiting  the  growth  of  the  yeast  cells  by  the 
addition  of  chloroform,  he  found  that  there  was  very  soon  a 
diminution  of  the  rotation  of  the  i-ay  of  polarised  light  and  a 
coincident  increase  of  the  power  of  reducing  cupric  oxide. 
Both  these  phenomena  we  have  seen  accompany  the  hydrolysis 
of  maltose.  Bourquelot  concluded  from  these  experiments  that 
when  yeast  is  present  in  a  solution  of  this  sugar,  it  secretes  an 
emyme  which  hydrolyses  it  and  the  resulting  glucose  is  at  once 
b'plit  up  with  the  formation  of  alcohol,  the  alcoholic  fermenta- 
tion taking  place  as  fast  as  the  glucose  Ls  formed. 
Fischer  also  has  detcctwl  this  enzyme  in  yeAst. 
The  discrepancy  between  the  i-e*sults  of  Buun^uulat  and  those 
of  Philips,  as  t^  the  fate  of  the  maltose  injected  into  the  blood 
Lwas  explained  by  the  discovery  of  Duhourg  in  1889  that 
blood  contains  the  enzyme  under  discussion.  Dubourg  took 
blood  from  a  rabbit  which  had  been  fed  on  an  amylaceoas  diet 
Dr  5  days,  mixed  25  c.c.  with  50  c.c.  of  a  solution  of  maltose, 
ud  digested  the  mixture  at  S?'.^"  C.  for  2  days.  He  found 
bat  after  that  period  the  optical  activity  was  much  diminished 
and  that  the  cupric-oxide-reducing  power  was  considerably 
increased.  The  actiou  was  not  very  energetic,  but  tho  experiment 
showed  reason  to  believe  that  when,  oh  in  Bourquelot's  experi- 
ments, a  small  quantity  of  maltose  was  injected  into  the  blood 
there  was  sufiicient  en^mo  present  to  hydrolyse  it,  so  that  no 
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maltoiM.*  was  excreted  by  the  kidney ;  when,  as  in  the  work  of 
Philips,  ft  good  deal  of  the  sugar  was  injected,  part  only  was 
hydrolyued  and  the  rest  appeared  in  the  urine. 

Bourquelot  has  given  the  name  mcUtase  to  this  eosyme. 

In  1H86,  Cui&iuier  described  an  enzyme  under  the  name  of 
glucose,  which  he  claimed  to  have  discovered  in  barley-malt  and 
in  several  of  tlie  cereal  grains,  which  be  said  converted  starch 
into  glucose.  His  conclusions  were  opposed  a  little  later  by 
Lintuer,  but  were  reaffirmed  iu  1891  by  Geduld,  who  extracted 
from  maize  a  soluble  ferment  capable  of  bydrolysing  maltose. 
Cuisinier's  enzyme  appears  to  have  been  a  mixture  of  diastase 
and  glucase,  which  occur  together  as  they  do  in  the  secretion  of 
the  pancreas. 

Geduld  and  subsequent  writers  apply  the  name  glucase  to 
the  enzyme  which  hydrolyses  maltose,  and  which  was  previously 
termed  maltose  by  Boui-quelut.  Qeduld  claims  to  have  extracted 
it  from  maize  iu  a  fairly  pure  condition.  It  contains  8'12  per 
cent,  of  nitrogen,  is  only  slightly  soluble  in  water,  and  gives  a 
blue  coloration  with  tincture  of  guaiacum  aud  hydrogen 
peroxide.  It  is  capable  of  bydrolysing  only  about  one  hundreil 
times  its  weight  of  maltose,  so  that  it  is  feeble  compared  with 
the  invertase  prepared  by  O'SuUivan  and  Tompson.  It  is  most 
active  at  a  tempernture  of  57" — 60*  C. ;  above  that  point  it  is 
weakened  aud  at  70^  it  undergoes  decomposition. 

Since  Dubourg's  discovery  of  the  presence  of  glucase  in 
blood,  in  1889,  many  observers  have  conducted  researches  on  its 
occurrence  there  and  in  the  tissues  and  juices  of  the  animal  body. 

In  1893,  Bial  asccrtaijied  that  the  serum  of  both  blood  and 
lymph  contains  enzymes  which  convert  starch  into  glucose  and 
which  act  also  upon  dextrin  and  maltose.  The  ferments  are 
not  present  lu  the  corpuscles.  When  alcohul  is  added  to  Herum 
and  the  resultiug  precipitate  is  allowed  to  stand  for  a  time  and 
then  extracted  with  water,  the  extract  transforms  starch  into 
maltose  only,  and  has  no  further  action  on  the  latter.  The 
action  noted  seems  therefore  to  be  due  to  the  presence  of 
diastase  and  glucase  together  in  the  serum,  and  to  the  latter 
being  destroyed  by  contact  with  alcohol. 

In  1894,  Kohmanu  made  a  comparative  examination  of  Uie 
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digeBtive  propertiee  of  serum,  saliva,  pancreatic  juice  and 
fuccus  outericuB,  aud  concluded  that  both  diastase  and  glucase 
exist  in  all  four,  but  in  very  different  proportions.  Saliva 
acting  on  starch  forms  mainly  maltose  and  dextrin,  but  gives 
aUo  a  trace  of  glucose.  Pancreatic  juice  behaves  similarly  but 
produces  more  glucose.  Serum  ia  more  active  in  the  latter 
direction  than  either.  On  the  other  hand,  while  pancreatic 
juice  hydrolyses  atai-ch  more  rapidly  than  saliva,  the  latter  is 
much  more  efficient  in  this  respect  than  serum.  While  all  four 
liquids  contain  both  enzymes,  diastase  is  most  plentiful  in 
pancreatic  juice  and  saliva,  and  in  smallest  quantity  in  serum, 
but  glucose  is  present  in  greatest  amount  in  the  latter  aud  but 
little  of  it  occurs  in  the  other  fluids. 

Bourquelot  and  Gley  have  also  prepared  glucase  &om  aenim. 

Rohmann's  results  received  con6rmation  in  the  succeeding 
year  by  Uambuiger,  who  cumpar^d  the  ^^ame  four  liquidt^  His 
results  show  that  when  all  four  are  allowed  to  act  simultane- 
ously on  soluble  stai-cb.  dilTerences  appear  in  two  directions. 
(1)  The  power  of  reducing  cupric  oxide  attained  in  a  digestion 
of  24  hours'  duration  is  different.  (S)  The  time  taken  to  attain  a 
maximum  power  varies.  Taking  the  reducing  power  of  glucose  as 
1,  the  reduction  he  obtained  in  24  hours  by  the  several  fluids  was 
in  the  case  of  saliva '31,  of  pancreatic  juice  '3G,  ofsuccus  entcricus 
*26,  of  serum  S,  The  maximum  reduciug-power  was  obtained 
by  saliva  in  one  hour;  by  blood  only  afler  24  hours'  digestion. 
Pancreatic  juice  acted  more  rapidly  than  !<aliva;  intestinal  juice 
was  slower  than  blood  While  saliva  acts  quickly  the  reducing 
power  of  the  product  is  low;  blood  on  the  other  hand  acts 
slowljr,  but  the  reducing  power  is  high,  a  phenomenon  which 
Hamburger  suggests  is  duo  to  the  different  .sugar  formed,  which 
in  the  case  of  saliva  is  chiefly  maltose,  while  in  that  of  hluod  it 
IB  glucoae.  He  concludes  that  glucose  is  especially  abundant 
in  blood ;  saliva  contains  more  diastase  than  either  blood  or 
iraccufi  entcricus  but  scurcely  a  trace  of  glucose;  pancreatic 
juice  contaiuij  more  diabta:^e  than  saliva,  aud  glucase  is  present 
in  it  in  quite  appreciable  quantities.  Succus  entericus  contains 
leas  diastase  tbau  blood,  and  more  glucase  than  saliva,  but  not 
80  much  as  either  blood  or  jHUicreatic  juice. 
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A  seamh  for  gliica.se  in  the  various  tissues  of  the  body, 
including  several  regions  of  the  alimentary  tract,  was  made  in 
1893  by  Miss  Tebb.  Her  mode  of  procedm-e  was  based  on  that 
of  Brown  and  Heron,  and  like  them  she  experimented  ^^'ith  the 
tissues  of  the  pig. 

She  sometimes  used  infusions  made  by  steeping  the  dried  and 
disintegrated  organs  in  saline  solutions,  and  sometimes  the  dried 
tissue  itself.  The  temperature  of  drying  was  37 — 40"  C.  In 
all  cases  she  checked  her  resulta  by  control  experiments  in 
which  the  dried  tissue  or  its  extract  had  been  boiled.  The 
saline  solutions  were  usually  5  per  cent,  solutioiis  of  sodium 
sulphate,  and  the  extracts  were  always  made  with  antiaeptic 
precautions.  She  found  the  power  of  hydrolysing  maltose  to  be 
posses.sed  by  dried  pancreas,  the  mucous  membrane  of  the  small 
intestine,  Peyer's  patches,  lymphatic  glands,  salivary  glands, 
liver,  kidney,  stomach,  spleen,  and  striated  muscle.  The  relative 
activity  possessed  by  equal  weights  of  the  dried  tissue  of  these 
Cleans  was  found  to  be  very  different.  Her  results  may  be 
represented  proportionately  in  the  following  table: 


Mucous  membrane  of  small  intestine 

3-21 

Spleen 

1-36 

Lyiuphatic  glands 

on 

Liver 

0-80 

Feyer's  patches 

0-61 

Kidney 

0*66 

Stomach 

0-45 

The  figures  represent  the  proportion  of  glucose  formed  to 
one  part,  of  maltose  left  unchanged  at  the  conclusion  of  the 
experiment. 

Besides  these  various  tissues  Miss  Tebb  found  glucase  to  be 
present  in  the  serum  from  pig's  blood,  and  in  bile  collected  from 
the  gall-bladder  of  the  same  animal. 

Pregl  found  glucase  in  the  snccns  entericus  of  a  young 
Iamb  and  Pautz  and  Vogel  in  the  mucous  membrane  of  the 
alimentary  tract  of  dogs  and  new-bom  children.  The  most 
active  region  was  the  jejunum,  but  some  inversion  of  maltose 
was  effected  by  the  stomach,  ileum  and  colon. 
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A  good  deal  of  interust  attaches  to  the  discovery  of  glucase 
in  the  liver.  As  we  have  already  seen,  the  sugar  leaving  this 
orgaa  is  not  uiattosc,  but  glucose.  In  the  earlier  work  on  the 
diastnse  of  the  liver  must  wtitei-g  agree  in  saying  that  if  an  eu- 
syrac  exists  there  at  all  it  differs  from  the  diastase  of  the  saliva 
and  pancreatic  juice  in  forming  glucose  and  not  maltose  from 
glycogen.  At  any  rate  the  sugar  in  the  blood  of  the  hepatic 
vein  is  glucose.  It  is  probable  from  Miss  Tebb's  work  that  the 
so-called  liver-diastase  is  a  mixtme  of  diastase  aud  glucasc,  the 
first  hydrolysing  glycogen  to  maltose,  and  the  second  com- 
pleting the  action  by  further  hydrolysing  the  maltose. 

There  is  some  controversy  still  as  to  whether  glucose  ia 
present  in  germinating  barley  and  other  cereals.  Morris  holH.s 
that  it  is  an  enzyme  peculiar  to  maize,  as  he  was  unable  to 
obtain  any  evidence  of  the  inversion  of  maltose  when  the  latter 
was  mixed  with  a  cold-water  extract  of  either  barley,  malt,  oats, 
rye  or  wheat  On  the  other  hand  Ling  and  Baker  preiwii-erl  a 
ferment-extract  from  kiln-dried  malt,  which  formed  a  certain 
amount  of  glucose  as  well  as  maltose  when  allowed  to  digest 
with  soluble  starch.  They  suggest  that  the  diastase  was  altered 
daring  the  process  of  kiln-drying.  When  a  little  of  this  so- 
called  diastase  was  allowed  to  act  on  maltose  alone,  it  converted 
wmc  of  it  into  glucose.  Krober  is  of  opinion  that  glucase 
exists  in  normal  malt. 

Various  species  of  yeast  stand  out  conspicuously  as  sources 
of  glucase.  Fischer  and  Lindner  found  it  to  be  present  in 
Saccharomyces  octosporua,  the  extract  of  which  hydn)lyses 
maltose  but  has  no  action  on  cane-sugar.  S.  }farxianu3  on  the 
contrary  hydrolyses  the  latter,  but  has  no  action  on  maltose. 
C.  J.  Lintner  found  that  in  the  case  of  other  yeasts  both 
enzymes  are  present,  glucase  being  less  soluble  than  invertase. 
Fischer  ha.s  iirrived  at  similar  results  in  the  case  of  Froberg 
yeast. 

Lintner  and  Krdber  have  studied  the  action  of  glucase 
prepared  from  yeast  by  extracting  the  dried  cells  with  water 
al  ordinary  temperatures.  They  have  found  its  optinmm 
point  to  be  40'  C.  which  indicates  a  difference  between  it  and 
the  enzyme  prepared  by  Geduld  from  maize.    The  latter  works 
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moet  advantageously  at  57" — 60°  C.  Teast  glucase  difiers  alao 
iu  this  respect  frora  invertase,  which  Lintner  and  Krober 
found  to  have  an  optimum  point  of  52* — 53°  C.  Their  glucase 
was  destroyed  by  heating  it  to  55''C.  At  temperatures  up 
to  35*0.  its  hydrolytic  activity  was  proportional  to  the  tem- 
perature, the  quantity  pre^nt  and  the  time  of  digestion 
remaining  constant  An  increase  of  the  quantity  of  the  en- 
zyme did  not  pi-oportionately  accelerate  the  inversion. 

Besides  acting  on  maltose  Fischer  has  found  that  glucase  is 
capable  of  cfTectiog  the  decomposition  of  several  artificial 
glucosides  which  he  prepared  from  various  sugars,  methyl  and 
other  alcohols,  and  hydrochloric  acid.  He  has  based  upon 
these  experiments  a  theory  of  the  action  of  enzymes  iu^y 
general,  which  will  be  discussed  in  a  subsequent  chapter.       ^M 

He  has  ascertained  also  that  glucase  is  capable  of  acting  ~ 
upon  certain  natural  glucosides  which  yield  glucose  on  hydro- 
lysis. Of  these  the  most  noteworthy  is  amygdalin,  which  occurs 
in  certain  plants  belonging  chiefly  to  the  Rosaceae.  As  we 
shall  sec  later,  nmygdalin  undergoes  hydrolysis  under  the 
action  of  an  euzyme  known  as  emulsin,  the  change  being  ex- 
pressed by  the  ei^juation 

C»H.NO„-t  2H,0  =  C.H,C0H  +  HCN  +  2<C.H„0,)j 

Amjgdalio  Hcnimc  Pmwic  Glucoee 

aldehyde  Moid 

Glucase  attacks  this  body  in  a  ditTereut  way  from  cmulsin,  and 
instead  of  splitting  it  up  as  represented  above^  it  only  causes 
the  separatioa  of  one  molecule  of  grape-sugar,  leaving  another 
glucoside  oontaining  only  one  gluoose  group  in  its  molecule.  H 
The  sugar  of  amygdalin  appears  to  be  maltose,  and  to  be  ^ 
capable  of  hydrolysis  to  glucoee,  either  while  in  combination 
in  the  gluousidc,  or  when  the  latter  is  completely  decompoeed. 

The  sugars  which  exist  in  the  members  of  the  group 
Fungi  include  representatives  uf  the  pc^y^aocharides  as  well  as^ 
of  the  simpler  hexoses.     Of  the  furmer  the  moet  characteristic 
18  that  to  which  tbo  aaine  trtkajom  has  been  given.     Thi.s 
augmr  was  first  desotibad  by  fi«rihelot  in  1857  as  occurring  iaJ 
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Syrian  manua.  It  was  discovered  almost  at  the  same  time  by 
Mitscherlich,  who  obtained  it  from  a  specimen  of  rye  which  was 
infected  by  ergot  {Clairiceps  purpurea).  Miintz  found  it  in 
several  specie8  of  Hymenomi/cetea  in  1873;  in  recent  years  it 
ba&  been  described  by  Bourquelot  as  present  in  many  species 
belonging  to  several  diflfercnt  groups,  though  it  is  not  of  ani- 
versal  distribution  throughout  the  fungi. 

The  formula  assigned  to  it  by  Bertbelot  was  CMHtjOa*,  he 
described  it  as  crystallizing  easily,  fomiiug  large  crystuls  and 
appearing  much  Like  sugar-candy,  but  not  having  such  a  sweet 
taste  as  the  latter.  More  recent  investigations  point  to  itfi 
poesesaing  the  formula  CaHaOu  +  2HjO.  It  appears  to  re- 
semble maltose  by  splitting  up  on  hydrolysis  into  two  molecules 
of  glucose. 

It  is  not  present  throughout  the  life  of  the  different  fungi 
in  which  it  occurs,  but  i»  at  a  maximum  just  before  the  period 
of  fructificatiou  or  spore- format  ion.  Il'  a  fungus  containing  it 
is  plucked  and  allowed  to  remain  in  a  fairly  warm  temperature 
the  sugar  disappears.  It  is  extruded  iu  the  sap  of  Lactarixui 
piperattts  if  this  fungus  is  exposed  in  a  closed  vessel  to  the 
vapour  of  chloroform. 

Bourquelot  found  in  the  course  of  an  extended  reaearcb 
into  the  sugani  contained  iu  fungi  that  the  appearance  of 
glucose  is  alwap  preceded  by  that  of  trehalose,  and  was  thus 
led  to  the  byi>othesis  that  the  latter  is  hydrolysed  by  a  de6nite 
cmgrme,  just  as  cane-sugar  is  by  invertase  and  maltose  by 
glucose.  He  t.c8ted  the  truth  of  the  hypothesis  by  experi- 
ments which  were  at  first  confined  to  three  speciej*.  Aspergillus 
niger,  PenicUium  glaucuvi.Aud  Volvarui  sjiectosa.  The  organisms 
were  cultivated  for  about  four  dayu  in  a  fiutd  containing  cane- 
AUgar,  when  they  had  put  forth  abundant  spomngiophores. 
They  were  then  ground  up  in  a  mortar  with  dry  sand  and 
allowed  to  Htand  under  alcohol  for  about  six  hours.  After 
61tering,  the  residue  was  pressed  between  folds  of  filter-paper 
and  dried  in  vacuo.  The  mass  was  next  macerated  for  some 
time  with  water,  filtei-ed,  and  the  filtrate  mixed  with  strong 
alcohol  A  precipitate  fell,  which  was  collected  on  another 
filter,  washed  with  alcohol  and  dried  iu  vacuo. 

9—2 
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The  powder  so  prepared  was  known  from  other  experiments 
to  contain  both  invertase  and  glucase. 

A  simpler  method  of  procuring  the  ferment  was  sometimes 
u&ed,  which  consUted  iu  replacing  the  culture-fluid  by  distilled 
water  which  was  renewed  after  12  hours.  The  fungus  excreted 
ita  euzymcH  into  the  water,  which  on  filtration  after  two  or 
three  day.s  was  found  to  possess  a  very  decided  power  of  hydro- 
lysiog  caue-  aud  malt-sugars.  The  first  extract  was  never  verj" 
active,  owing  probably  to  traces  of  acid  developed  during  the 
growth  of  the  organism  in  the  original  culture-liquid. 

The  extract  prepared  in  either  of  these  ways  was  then 
allowed  to  digest  with  trehalow  obtained  from  trehala,  a  kind 
of  waxy  excretion,  which  a  certain  Coleopterous  larva  pours  out 
to  form  its  cocoon.  In  a  typical  experiment,  10  tc  of  the 
extract  were  added  to  10  c.c.  of  a  solution  containing  about 
2  per  cent,  of  the  sugar.  The  rotatory  power  of  the  mixture 
wa.s  then  ascertained  to  be  3"  36'  of  a  polarimeter  when 
examined  in  a  tube  200  mm.  long.  Hydrolysis  at  once 
commenced  and  after  18  hours'  digestion  at  12' — IS^C.  the 
deviation  was  only  2"  20'.  It  continued  to  diminish  steadily 
till  the  sixth  day,  after  which  no  change  took  place.  The  final 
deviation  was  1"  of  the  polarimeter.  The  reducing- sugar 
was  then  titrated  and  found  to  be  present  in  the  proportion  of 
*!)8  grm.  per  100  cc.  On  the  assumption  that  all  the  trehalose 
used  was  hydrot}'sed  to  glucose,  the  calculated  results  would 
be  a  deviation  of  the  polarised  ray  equal  to  1*013"  of  the 
polarimeter,  and  an  amount  of  reducing  sugar  equal  to  '962  gnu. 
per  100  c.c,  numbt^rs  which  agree  fairly  closely  with  those  ob- 
tained during  the  experiment. 

The  same  results  were  yielded  by  the  trehalose  which  was 
extracted  from  various  fungi  as  already  mentioned. 

Bourquelot  states  that  the  enzyme  which  effects  the 
hydrolysis  of  trehalose  is  different  from  either  invertase  or 
^ucase,  though  it  co-exist<s  with  them  in  the  mycelium  of  the 
fungi  which  he  describes.  He  has  given  it  the  name  trehalaw, 
and  describes  it  ils  working  most  advantAgkN>us[y  in  a  faintly 
acid  medium,  the  best  degree  of  acidity  being  about  003 
per  cent,  of  sulphuric  acid.     lAiger  quantities  than  this  are 


I 


• 


I 


on 


SUOAR-aPLITTINQ   ENZYMES. 


mEHALASB. 


deleterious,  the  enzyme  being  almost  without  action  in  the 
presence  of  2  per  cent,  of  the  acid.  This  behaviour  ia 
very  much  like  that  of  invertase  under  corresponding  con- 
ditions. 

As  the  extract  of  Aspergillus,  and  the  precipitate  obtained 
it  by  the  action  of  alcohol,  act  upon  cane-BUgar  and  upon 
naltoee  as  well  as  upon  trehalose  it  is  neoeesary  tu  carefully 
examine  its  behaviour  in  these  three  cases  to  determine 
whether  the  so-called  trehala^e  is  really  not  identical  with 
either  invertase  or  glucase.  The  former  of  these  enzymes 
however  can  be  prepared  fi-ora  several  sources  besides  Asper- 
gillus, and  when  perfectly  isolated  it  has  no  power  of  hydro- 
lysing  trehalose.  It  is  apparent  therefore  that  the  decom- 
podtion  observed  in  the  experiments  described  was  not  due 
to  the  invertase  contained  in  the  fungus. 

There  is  more  difiSculty  in  deciding  as  to  the  identity  of 
trebalase  with  glucasc,  as  the  latter  enzyme  cannot  be  readily 
obteined  without  ndmi,xturc  with  others.  Careful  experiments 
upon  the  cfTect  of  heating  the  extract  of  Aspergillus  to  dif- 
ferent temperatures  and  then  digesting  it  with  trehalose 
on  the  one  hand  and  with  maltose  on  the  other,  have  led 
Bourquelot  to  pronounce  luihesi tat i ugly  iu  favour  of  there 
being  two  separate  enzymes  hydrolysing  these  two  sugars 
respectively. 

He  heated  a  <iunntifcy  of  the  extnict  in  u  double  water-bath, 
using  a  series  of  18  test  tubes  each  containing  24  c.c.  The 
temperature  of  the  biith  was  allowed  to  rise  very  gradually  and 
the  first  of  the  series  was  withdrami  when  it  reached  44' C. 
No.  2  vtwi  taken  out  at  4ti'^  C.  and  the  others  in  regular  order 
at  a  constant  difference  of  2°C.  The  temperature  was  raised 
to  78*  C.  when  the  last  was  withdrawn.  The  tubes  were  then 
all  cooled  and  10  c.c.  of  the  contents  of  each  were  mixed  with 
10  cc  of  a  2  per  cent,  solution  of  trehalose.  Another  10  c.c 
from  each  was  mixed  with  10  c.c.  of  a  '25  per  cent,  solution  of 
maltose.  The  rotatory  power  of  the  trehalose  mixtures  was 
determined  by  a  polariraeter  and  found  U>  be  3"  40' ;  that  of 
the  maltose  mixtures  was  3"  16'  of  the  same  scale.  They  were 
all  allowed  to  stand  for  36  hours  at  the  tcmpcruture  of   the 
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laboratory  and   the   rotation   again   obserred.    The  results  of 
15  duplicate  tubes  are  recorded  in  the  following  table: — 

Temperkturt:  of  Bolalian  of  the  RotaUoa  of  the 

beating.  Trehalose  mixture.  Maltoae  mixtoiw. 

60"  riO'  1*32' 

62*  Vl(y  V32' 

M*  rao'  V22' 

66'  1*24'  r32' 

58*  1*38'  V32' 

W  2' 18'  1"32' 

64"  3' 40'  r32' 

66*  3' 40'  I'fiO" 

88*  3"  40*  3'  05' 

70"  3'  40'  2"  1 2' 

73*  3'  40  2'  24' 

W  3' 40  2"  54' 

76'  3*40  3Mti' 

78"  3*40  3*16 

The  inRuence  of  temperature  consequently  enabled  Bour- 
quelot  to  discrimiuate  between  the  two  enzymes,  Trehalase 
begins  to  be  affected  at  54"  C,  while  glucase  is  not  weakened 
below  66"  C.  The  activity  of  trehalase  is  destroyed  at  64*  C, 
while  glucasc  survives  up  to  74°  C. 

In  a  subsequent  paper  Bourquelot  has  shown  that  trehalase 
exists  also  in  Poltjporus  sulphureus,  the  extract  of  which  is 
capable  of  converting  the  truhaiosu  of  trchala  into  a  rcducing- 
sugar  during  a  digestion  extending  over  48  hours.     He  has 
also,  iu  conjunction  with  Gley,  shown  that  intestinal  juice  is 
capable  of  hydrolysing  trehalose,  and  that  pancreatic  extract    ^ 
and    the   serum    of   blood   do   not  exercise  such  an  action.    ■ 
Trehalase  therefore  appears  to  be  present  in  animal  as  well  as 
vegetable  tia3ut.-s.    Its  occurrence  in  the  foi-mer  is  supported       ' 
by  the  researches  of  Fischer  and  Niebel.  who  have  a-^icertaincd    H 
that    trehalose   is    hydi-olysed   slowly    by   an    extract   of    the    ~ 
duodenum  of  some  animals,  while  a  similar  extract  prepared 
from    others  has  no  effect  upon   this  sugar.      The   serum    uf 
oi^rtaiu  fishes,  especially  that  of  the  carp,  has  the  same  hydro- 
lysing  power. 
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Rajinase  (Melibiase). 

Another  enzyme  belonging  to  this  group  decompatea  the 
sugar  known  as  ra^inose.  This  carbohydrate  was  discovered  by 
Loiseau  in  1876.  It  occurs  in  the  root  of  the  beet,  the  seed  of 
the  cotton-plant  {Gossypium)  and  in  barley  and  wheat  during 
germination.  Tollens  has  shown  it  to  be  identical  with  the 
Bo-called  melitose  of  Eucalyptus  raanna 

Raffinose  is  a  hexatriose  having  the  formula  CuH^O,,;  ou 
hydrolysis  by  dilute  mineral  acids  it  splits  up  into  glucose, 
fructose,  iuid  galactose.  According  to  Seheibler.  by  usiug  verj' 
dilate  acids  at  a  low  temperature,  the  hydrolj'sis  can  be  shown 
to  take  place  in  two  stages  : — 


ajid 


C„H«Ou,  +  H,0  =  C.H„0,  +  C„H„0„ 
Kafhiiofte  Fnictoae      Heltbiose 

C„H.O„  +  H.0  =  C.H„0.  +  C.H,A 

Melibiose  Olucoae      GalActoae. 


Its  hydrolysis  has  been  attributed  to  inverta.se  by  the  older 
writers,  and  recently  by  O'SulIivan,  but  Pautz  and  Vogel,  and 
Fimher  and  Niebcl,  point  out  that  the  small  intestines  of  the 
dog  and  of  the  horse,  which  contain  invertase  or  invertin, 
cannot  hydrolyse  raffinoee.  The  extract  of  yeast  is  able  to 
effect  this  change  as  well  as  the  inversion  of  cane-sugar.  It  is 
probable  that  the  hydrolysis  is  due  to  the  presence  of  a  special 
enzyme  which  is  contained  in  the  yeast  but  not  in  the  animal 
membrane. 

Radinosc  has  a  specific  rotatory  power  of  (a)£i  =  +  10312% 
and  is  not  capable  of  reducing  cupric  oxide  when  boiled  with  it 
in  alkaline  solution. 

arquclot  found  that  its  hydi-olysis  can  bo  effected  by  an 
of  Aspergillus  niger.  In  his  experiments  be  mixed 
S5  c.a  of  a  2  per  cent,  solution  of  the  sugar  with  25  c.c.  of  the 
extract  of  Aspergillus,  and  digested  it  for  7  days  at  12 — 15"  C, 
taking  precautions  against  the  introduction  of  niicro-organism»s. 
The  Bpecific  rotatory  power  of  the  solution  waa  then  only  about 
(a)„  =  +  50%  wliile  10  c.c.  of  Fehling's  solution  were  completely 
rtnluced  on  boiling  with  74  c.c.  of  the  digestion. 
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The  enzyme  (which  may  be  termed  raj^nase)  has  been  sho^'u 
by  Bourquelot  bo  be  present  also  iu  baker's  yeast  and  In  low 
fermentation  beer-yeosts.  He  digested  40  cc.  of  the  extract  of 
each  of  these  fungi  with  40  c.c.  of  2  per  cent,  solution  of 
raffinose,  keeping  the  vessels  for  an  hour  at  45"  C.  and  then 
allowing  thera  to  stand  at  the  ordinary  laboratory  teuiper4iture 
for  5  days>  taking  the  same  precautions  as  before  against  the 
introduction  of  micro-organisras.  The  rotation  of  the  polarised 
ray  in  a  200  mm.  tube  was  at  first  2"  4'  of  the  scale  of  tlie 
polarimet«r.  After  20  hours  it  had  declined  to  1";  aiter  48 
hours  to  0'  58'.  The  baker's  yeast  was  a  tittle  the  more  active. 
The  reduction  of  Fehling's  solution  was  about  the  same  as  in 
his  oxperimenta  with  the  extract  of  Aspergillus. 

The  occurrcDce  of  this  enzjTne  has  also  been  obacrved  by 
Fischer  and  Lindner,  who  were  able  to  extract  it  from  low 
fermentation  yeasts  of  the  Froberg  and  Saoz  types,  but  not  from 
the  high  fermentation  forms.  They  dried  the  yeasts  for  3  days 
in  air  at  20" — 25*^  C.  after  draining  them  fur  some  time  un 
porous  earthenware.  When  dry  the  yeasts  were  extracted  by 
digesting  them  in  water  at  33°  C.  for  20  hours.  The  extract 
was  found  capable  of  hydrolysing  melibiose. 

Borr  has  extracted  the  euzyroe  from  low  fermentation 
Froberg  yeast  but  he  attributes  to  it  only  the  final  8tag«  in 
the  hydzY>l^'8is,  the  conversion  of  melibiose  into  glucose  and 
galactose,  and  he  has  named  it  vielibiase  xu  consequence.  Barr 
holds  that  the  first  hydrolysis  of  rafiinose  or  melitriose  into 
fructose  and  melibiose  is  effected  by  invtirtase.  He  differs 
from  Fi.scher  and  Lindner  in  saying  the  uieUhias^  is  insoluble 
in  water.  This  however  appears  very  unlikely  from  a  cou- 
sideration  of  the  properties  of  other  enzymes. 


MaisiUm. 


A  sugar  to  which  the  name  mdisUoM  has  been  given  was 
discovered  in  1859  by  Berthelot  in  Brandon  manna,  and  was 
ascertained  in  LS77  by  Villiers  to  exist  in  considerable  quantity 
in  the  manna  yielded  by  Aiha^i  »utu^9''Uff^  a  leguminous  plant 
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of  shrubby  habit  which  grows  iu  Pereia  and  Bokhara.  The 
manna  is  an  exudation  from  the  leaves  and  branches  of  the 
plant,  and  appears  in  hot  weather  in  the  form  of  drops  which 
soon  harden  on  exposure  to  the  air  and  can  be  collected  by 
merely  shaking  the  branches.  Like  raffinose,  melizitose  iB  a 
bexatriose,  having  the  formula  CiaH„Oip  It  melts  at  148**  C, 
is  without  the  power  of  reducing  Fehling's  solution,  and  has 
a  specific  rotatory  power  of  (o)j,  =  +  8815°.  When  hj'drolyaed 
with  dilute  mineral  acids  it  splits  up  into  three  molecules  uf 
glucose,  showing  in  that  way  n  resomblance  to  maltose. 

Bourquclot  found  that  a  limited  hydrolysis  of  this  sugar  can 
be  effected  by  an  extract  of  Aapevgilliis  niger.  He  mixed 
15  c.c.  of  this  extract  with  15  cc.  of  a  solution  containing  about 
2*5  per  cent  of  melizitose  and  digested  it  for  four  days  at  the 
temperature  of  the  laboratory,  heating  it  every  few  hours  to 
50"  C.  and  keeping  it  at  that  point  for  a  few  minutes.  Bour- 
quclot says  that  this  treatment  was  effectual  in  preventing  the 
aooeflB  of  micro-organisms.  At  the  commencement  of  the 
experiment  the  observed  rotation  of  the  polarised  ray  in  a 
200  mm.  tube  was  2""  9'  of  the  scale  of  the  polarimeter.  After 
three  days  it  had  gone  down  to  1*"  32',  and  at  the  end  of  the 
experiment  it  was  I''  28'.  The  liquid  then  reduced  Fehling's 
solution. 

The  hydrolysis  of  the  sugar  was  not  complete.  The  specific 
rotatory  power  fell  from  (a)p  =  -f881o"  to  (a)^  =  +  61-2*.  The 
melizitose  was  converted  intu  glucose  and  a  hexabiose  known 
as  toitvanoae,  the  decomposition  being  represented  by  the 
equation 


MeltzitoM 


Ctluuotte     Tuurauutte. 


Touranose  in  turn  can  be  further  hydrolysed  into  two 
molecules  of  glucose,  being  isomeric  with  maltose.  The  enzyme 
oi  Aspergillus,  which  may  be  called  ra^intase,  seems  to  be 
incapable  uf  effecting  this  latter  change,  which  is  easily  brought 
about  by  dilute  mineral  acids. 
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Lactaw. 

The  nutritive  value  of  a  milk  diet  partly  depends  upon  bbe 
sngar  which  it  containa  This,  which  is  known  as  lactose,  or 
milk-sugar,  ia  a  member  of  the  group  of  polysaccharides,  and 
upon  hydrolysis  under  the  influence  of  mineral  acids  a  mole- 
cule of  it  splits  up  into  a  molecule  of  glucose  and  auotbcr  uf 
galactose.  It  has  only  recently  been  a^ertaiued  that  there 
exists  in  the  animal  body  h  soluble  enzyme  which  is  Ciipable  of 
carrying  out  a  similar  hydrolysis,  and  which  may  consequently 
be  named  lactase.  Our  knowledge  of  it  is  chieSy  due  to 
the  researches  of  Hohmanu  and  Lappe,  who  discovered  it 
in  the  mucous  membrane  of  the  Kmall  intestine  of  calves  and 
dogs.  Prior  to  the  appearance  of  these  researches  the  trans- 
formations of  lactose  in  the  alimentary  canal  were  ascribed 
to  bacterial  action  and  were  thought  Lo  lead  invariably  to 
the  formation  of  lactic  acid.  Rohmaun  and  Lappe  prepared 
extracts  of  the  mucous  membrane  of  the  small  intestine  with 
antiseptic  precautions  and  alluwed  them  to  act  on  solutions  of 
lactose.  After  digestion  lasting  for  several  hours  glucose  was 
found  to  be  present  in  the  liquid  by  means  of  the  phenyl- 
b>'drazinc-acetatc  reaction.  The  usazuno  produced  gave  all  the 
reactions  of  glucosazone.  Kohmann  and  Lappe  precipitated 
the  enzyme  from  the  extracts  of  the  intestine  by  the  usual 
treatment  with  alcohol,  and  found  that  a  solution  of  the 
precipitate  possessed  the  jxiwer  of  hydrolysing  milk-sugar. 

The  work  of  Rohmann  and  LAppe  is  supported  by  some 
researches  of  Pautz  and  Vogel,  who  ascertained  that  the 
mucous  membrane  of  the  jejunum  of  dogs  and  of  uew-boni 
children  is  capable  of  slowly  hydrolysing  lactose.  Pregl  has 
found  that  lactase  is  not  present  in  the  intestinal  juice  of  the 
lamb  obtained  by  the  Thiry-Vella  method.  Fischer  and  Niebel 
also  have  noticed  that  lactose  is  hydrol^'scd  by  extracts  of 
portions  of  the  small  intestine,  particularly  of  young  animals. 
They  hav»  shown  further  that  lactase  is  not  present  in  blood 
serum. 

The  extract  of  the  Kephir  organism  baa  been  said  by 
Beyerinck  to  be  capable  of  hydrolysing  lactose.     He  claims  to 
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have  separated  a  soluble  enzyme  from  the  organism,  and  to 
have  shown  that  it  possesses  the  same  power.  His  work  has 
been  disputed  by  other  observers,  who  say  that  his  enzyme 
splits  up  cane-sugar  and  raffinose>  but  not  milk-sugar.  Fischer 
confirms  Beyerinck  as  to  its  action  on  the  latter,  and  says  that 
it  hydrolyses  cane-sugar  also.  Besides  being  yielded  by  Kephir 
it  can,  according  to  Fischer,  be  extracted  from  certain  yeasts 
when  they  are  dried  at  the  ordinary  temperature,  ground  up 
with  powdered  glass  and  suspended  in  water.  It  differs  by  its 
greater  stability  &om  the  glucase  already  described  as  occurring 
in  some  other  yeasts. 


CHAPTER   X. 


OLUCOSIDE-SJ'LITTINO    ENZTUES. 


Many  bodies  of  very  complex  character  exist  in  plants, 
which  have  one  property  in  common.  When  they  undergo 
decomposition  under  the  influence  of  cither  mineral  acids  or 
soluble  enzymes,  they  yield  a  sugar,  generally  glucose,  as  one  of 
the  products  of  the  action.  The  other  bodies  which  are 
produced  simultaneously  are  very  varied,  but  one  or  more 
of  thorn  usually  belong  to  the  aromatic  series  of  organic 
compouuda.  They  are  on  the  whole  not  very  unlike  the 
polysaccharides  which  have  already  been  discussed,  but  while 
the  latter  are  formed  of  molecules  of  sugars  united  to  each 
other,  in  the  former  we  find  the  sugar  grouped  with  or  united 
to  other  radicles.  From  the  fact  that  the  sugar  is  almost 
always  glucose,  these  bodies  have  been  termed  glucosides.  The 
best  known  of  them  are  the  amygdalin  of  the  almond  and  other 
Rosaceous  plants,  the  sijiigj-in  of  the  Cruciferae,  the  iannin 
which  is  so  widely  distributed  in  the  vegetable  kingdom,  the 
salxcin  of  the  willow,  and  the  coni/erin  of  the  fir-trees.  Many 
others  however  exist  in  other  plants. 

The  decomposition  which  they  undergo  is  generally  of  a 
hydrolytic  character  and  frequently  leads  to  the  total  disruption 
of  their  molecule.  Sometimes  it  is  less  complete  and  consists 
only  in  the  separation  of  part  of  their  sugar,  a  less  complex 
glucoside  remaining.  The  latter  decomposition  is  less  frequent 
than  the  former  and  is  only  known  in  connection  with  some 
members  of  the  group,  particularly  amygdalin.  Minei^  acids 
effect  complete   hydrolysis   as   they  do  in   the    case   of   the 
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polysaccharides.  The  more  limited  decotnpositioD  is  also 
knovm  in  the  Utter  group,  one  member  of  which,  melizitose, 
we  have  already  seen,  can  be  split  up  by  one  of  the  enzymes  of 
Aspergillus.  }nelding  glucose  aDd  toaranose,  the  latter  on  final 
hydrolysis  by  acids  yielding  two  more  molocules  of  glucose. 

While  it  would  be  too  much  to  say  that  there  is  a  special 
ferment  for  the  decomposition  of  each  glucoside  it  is  yet  certain 
that  a  great  number  of  such  enzymes  exist.  We  are  ac<]uainte<l 
with  einulsin.  which  hydrolyses  amygdalin,  vit/rosin,  which  de- 
composes siuigrin,  erythrozym,  which  splits  up  the  glucoside  of 
the  madder,  rhainna^,  which  acts  upon  xantho-rhamnin,  found 
in  the  seeds  of  the  Persian  berry,  an<l  fjaultherafte,  which  de- 
composes a  glucoside  of  methyl-salicylic  ether,  occurring  in 
Monotropa  hypopythis,  a  parasite  upon  the  roots  of  many  trees. 
Others  also  are  known  to  exist  in  various  plants,  though 
no  definite  examination  of  them  has  at  present  been  made. 

Emidsin  {Synapta8e\ 

The  glucoside  amygdalin  was  first  obtained  in  1830  by 
Robiquet  and  Boutron,  who  prepared  it  in  crystalline  form  from 
the  seeds  nf  the  bitter  almond  {Amyydalus  connmmit).  They 
showed  this  body  to  be  the  antecedent  of  the  so-called  essence 
of  bitter  almonds.  In  1837  Liebig  and  Woihler  found  that  the 
transfonnation  leading  to  the  appearance  of  the  latter  was 
brought  about  under  the  influence  of  a  certain  albuminoid 
matter  also  existing  in  the  kernel  of  the  almond,  and  to  this 
principle  they  gave  the  name  emulsin.  They  ascertained  that 
during  the  action  of  the  latter  on  amygdalin,  sugar  and 
prussic  acid  were  formed.  Robi<]uet  in  the  following  year 
HOggested  that  the  action  belonged  to  the  same  categor}'  as 
the  action  of  diastase  on  starch  and  gave  the  name  synaptase 
to  the  enzjrme.  The  older  name  however  has  continued  to  be 
I       applied  to  it 

■        The  decomposition  of  amygdalin  which  emulsiji  effecte  is 
I  one  of  hydrolysis,  and  can  be  cxpi'ossed  by  the  equation 

I  CHrN0„  +  2H,0  =  C:H,0  +  HCN  -I-  2(C,H„0,). 

^L  Amjgdaliu  Benz*>ic        Pnuwic  Olucoao 

^^^H  aldeliyiie 


acid 
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Besides  amygdalin  it  18  able  to  effect  the  decompoeition  of 
several  other  glucosidcs,  amoTig  which  are  salicin,  keliein,  j^Uo- 
t-izin  and  arbiUin.  The  several  reactions  may  be  ezpreseed  by 
ihe  following  equations,  the  reaction  being  one  of  hydrolysia  iu 
each  case : — 


C„H„0,  +  H,0 

Salicin 

CoH„0,+  H,0 

Hclicin 

Phloriidn 

C„H,A+H,0    = 

Arbutin 


=  CHA  +  C.H.  A 

Saligonin         Glucose 

Salicylic         Glucose 
fkldcbjde 

=  C„H,.0.  +  C.H.,Or 
Phloretdii  Glncoee 

C,U.O,   +    C<H«0,. 
H^dro-  Oluooae 

quinone 


Emulsin  has  been  found  by  Fischer  to  be  capable  of  effecting 
also  the  decomposition  of  certain  of  the  artificial  glucosides 
which  he  pi-epared  as  described  in  the  last  chapter. 

The  occurrence  of  emulsin  has  been  observed  in  several  of 
the  higher  plants  and  in  certain  fungi.  Of  the  former,  the 
most  striking  are  the  Almond  and  the  Cherry-taurel,  both  of 
which  belong  to  the  Natural  Order  Rosaceae.  Its  distribution 
iu  these  plants  is  different ;  in  the  former  it  is  chiefly  found  in 
the  seeds ;  iu  the  latter  it  occurs  in  the  young  stems  and  leavea 
In  1865  Thom^  was  led  to  the  opinion  that  the  enzyme  exists 
in  the  seeds  of  the  bitter  Almond  only,  and  is  localised  there 
in  the  fibro- vascular  bundles  of  the  cotyledons.  Fortes  in  1877 
concluded  emulsin  to  be  confined  to  the  axis  of  the  embryo  and 
amygdalin  to  be  present  in  the  cotyledons.  In  18K7,  Johansen 
found  emulsin  in  the  seeds  of  both  the  sweet  and  the  bitter 
varieties  of  the  Almond,  iu  the  fibro-vascular  bundles  and  the 
cells  abutting  on  them,  particularly  in  those  of  the  cotyledons. 
He  found  amygdalin  in  the  parenchyma  uf  the  cotyledons  of 
the  bitter  variety  only.  Its  distribution  in  these  plants  and  in  a 
few  othei-s  closely  allied  to  them  has  been  the  subject  of  a  care- 
ful study  in  recent  years  by  Guiguard,  whose  methods  have  been 
partly  chemical  and  jmrtly  based  upon  certain  reactions  leading 
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to  the  development  of  deHnite  coloratiou  in  the  cells  con- 
taining the  enzyme.  The  aKloptitm  of  the  latter  method  of 
research  is  attended  by  great  diiKculties,  and  couclusiuus  based 
:hilely  on  such  reactions  must  be  received  with  caution.  We 
may  especially  allude  to  the  fallacious  chr^racter  of  the  blue 
reaction  with  tincture  of  guaincum  said  by  many  workers  to  be 
characteristic  of  enzymes,  but  now  known  to  be  given  by  many 
other  subslanccs  usually  or  frequently  preseut  in  vegetable  cells. 
Ouignard  has  been  carefol  not  to  rely  exclusively  on 
colour-reactions  for  the  identification  of  the  enzyme  but  to 
supplement  these  by  chemical  tests.  His  first  experimenta 
were  made  with  the  leaf  of  the  Cherrj'- laurel  When  he 
examined  under  the  microscope  some  of  the  tissue  of  this 
organ,  which  he  found  capable  of  hydrolysing  araygdaliu,  he 
observed  that  certain  cells  surrounding  the  vascular-bundles 
weore  marked  by  the  very  finely-granuhir  character  of  their  pro- 
toplasm and  their  freedom  from  titarch  and  chlorophyll,  though 
they  contained  a  certain  amount  of  tannin,  and  were  richer 
in  proteids  than  the  other  cells  of  the  loaf.  He  treated  sections 
of  this  tissue  with  Millon's  reagent,  which  is  a  mixture  of  the 
nitrates  of  mcrcurj*  with  4  cm.  of  nitric  acid,  and  found  that  all 
the  cells  of  the  leaf  darkened  in  colour,  becoming  almost  black, 
but  the  tint  was  much  deepest  in  the  cells  in  question.  On 
warming  the  section  the  black  tint  gradually  disappeared,  and 
was  replaced  by  an  orange-red  in  the  cells  suspected  to  contain 
the  enzyme  and  by  a  faint  pink  in  the  ordinary  parenchyma. 
In  an  allied  species,  Cerasus  lusitanica,  which  c^nitains  tannin 
bat  no  emnlain,  this  orange-red  coloration  was  not  developed 
in  the  corresponding  cells  by  the  same  treatment.  The  re- 
action was  not  therefore  due  to  the  tannin,  but  to  some  protcid 
constituent  with  which  the  enzyme  is  associated  or  po-ssibly  to 
the  enzyme  itselt  Probably  the  reacting  body  is  a  proteld 
rather  than  the  enzyme,  for  proteids  give  a  very  similar  reaction 
when  heated  with  Millon's  reageut,  the  coloration  which  they 
ais^ume  being  a  dull  brick-red.  Confirmatory  tests  for  proteids 
bore  out  this  opinion.  Copper-sulphate  and  caustic  potash 
coloured  theue  celU  a  violet-pink,  as  they  do  proteids  in  solution, 
while   cells  cuutainitig   only   tannin   did   not   react   to    these 
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reageuts  more  tban  ordinary  parenchyma  cells  with  their 
lining  of  protoplasm,  which  stained  u  pale  pink  with  no 
admixture  of  violet. 

The  chemical  experiments  by  which  Guignard  confirmed  hi» 
conclusion  that  these  cells  contain  emuUin  consisted  of  a 
digestion  of  the  tiBsues  with  a  solution  of  amygdalin.  The 
cells  in  question  were  observed  to  occur  in  ddinite  positions  in 
the  leaf,  aud  with  care  Guiguard  found  it  possible  to  separate 
them  from  the  adjacent  tiKsuett.  The  difliculties  of  such 
separation  were  mainly  mechanical  but  delicate  manipulation 
enabled  him  to  overcome  them.  In  the  leaves  and  young 
branches  of  the  laurel  the  cells  occur  in  the  endodermid,  which 
is  a  sheath  surrounding  the  collection  of  fibru-vascutar  bundles, 
but  belonging  to  the  coi-tex,  of  which  it  is  the  innermost  layer. 
When  this  sheath  was  carefully  dissected  out  under  a  micro- 
scope and  the  piece  of  tissue  placed  in  a  solution  of  amygdalin 
in  a  watch-glass,  and  kept  at  50"  C,  the  decomposiliun  of  the 
glucoside  was  speedily  effected,  and  was  recognized  by  the 
odour  of  the  benzoic  aldehyde  and  prussic  acid  which  we  have 
seen  to  result  firom  its  hydrolysis.  Sections  made  tlirough  the 
leaf  produced  the  same  decomposition  when  they  were  cut  so 
as  to  include  part  of  this  emtudermal  sheath,  but  not  otherwise. 

By  these  methods  Guignard  determined  that  the  emulsin 
of  the  CheiTy-laurel  exists  in  the  eudodermis;  that  of  the 
Almond  was  found  lu  the  axis  of  the  embryo  in  the  many- 
layered  pericycle  which  lies  immediately  under  the  endodermia 
and  closely  surrounds  the  fibrovascular  bundles;  in  the  coty- 
ledons it  is  in  the  endodermis  as  well  as  in  the  pericycle.  The 
enzyme  exists  in  both  the  sweet  and  bitter  Almond,  though 
amygdalin  is  only  present  in  the  latter. 

Probably  the  glucoside  and  the  enzyme  do  not  naturally 
exist  in  the  same  cells,  as  the  decomposition  of  the  fonner  in 
the  seed  of  the  Almond  only  takus  place  during  germination 
The  distribution  of  the  amygdalin  is  not  however  definitely 
known.  It  seems  proliable  that  the  fluid  sap  coutaiiiiug  it  may 
travel  along  the  cellular  tissue  of  the  axis  of  the  plant,  and  as 
the  ferment  which  decomposes  it  is  in  the  immediate  neigh- 
bourhood of  the  bast,  which  is  a  great  conducting  tissue  foi 
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elaborated  products,  it  is  not  unlikely  that  the  decomposition 
of  the  glucoside  may  take  place  during  its  tranKit  along  the 
axis  in  consequence  of  its  diffusion  into  the  cells  contaiuiug 
the  emulsin,  so  that  the  latter  is  charged  with  the  duty  of 
preparing  from  the  amygdalin  certain  nutritive  products,  es- 
pecially sugar,  ^vhich  may  thence  easily  make  their  way  to  the 
conducting  tLssues,  and  so  travel  to  the  actual  seats  of  con- 
structive metabolism.  On  the  other  hand  it  may  be  that  the 
amygdalin  descends  by  the  conducting  tissue  of  the  bast  and 
ODdergoes  decomposition  there  as  it  passes  downwards,  the 
emulsin  diffusing  into  the  bast  to  meet  it,  though  this  seems 
less  likely,  as  Guignard  did  not  find  emuUin  at  any  time  apart 
from  the  cells  which  he  describes  as  the  seats  of  its  formation. 

The  probability  that  the  enzyme  and  the  glucoside  are 
formed  in  different  cells  has  been  challenged  by  no  less  an 
authority  than  Pfefier.  who  suggests  that  they  both  exiHt  in  the 
same  cells,  and  that  the  only  degree  of  separation  is  that  the 
ferment  is  in  the  protoplasm  tind  the  glucoside  dissolved  in  the 
cell-siip.  This  view  however  di)es  not  harmonise  with  Guig- 
nard's  experiments. 

Besides  the  plants  mentioned  so  far,  which  all  belong  to  the 
Ho*aceae,  Guignard  has  found  that  cmiilsin  occurs  in  several 
Braztlian  species  of  the  genus  Manikot,  belonging  to  the 
Euphorbiaceae.  In  these  the  distribution  is  different,  the 
enzyme  being  present  in  the  laticiferous  system  of  the  embrj'o. 

Emulsin  has  been  shown  during  recent  years  to  have  a 
somewhat  wide  distribution  among  the  Fungi.  It  was  observed 
almost  simultaneously  in  1893  by  Gerard  in  Penioiliuvi  glau- 
cum  and  by  Bourquelot  in  Aspergillus  n%ge}\  Bourquelot 
cultivated  the  hitter  fungus  in  Raulin's  nutritive  fluid  till  it 
was  about  to  put  out  its  fructification.  The  liquid  was  then 
decanted  off,  and  the  fungus  washed  sevei-al  times  with  dis- 
tilled water  and  macerated  with  water  for  several  da^-s.  The 
filtrate  from  the  maceration  contained  a  mixture  of  enzymes, 
of  which  emulsin  was  one.  When  a  little  of  it  was  added  to  a 
solution  of  amygdalin  and  kept  wann,  the  charocberistic  odour 
of  the  essence  of  bitter  almonds  could  be  recognized  in  the 
course  of  an  hour. 
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Bourquelot  investigated  its  action  on  several  other  glueo* 
sides  and  found  it  capable  of  hydrolysing  s^ome,  but  not  all. 
He  has  published  the  following  series  of  experiments. 

10  C.C.  of  an  aqueous  solution  of  salicin  containing  '2  gnu. 
were  mixed  with  10  c.c  of  the  Aspergillus  extract  and  kept  for 
40  hours  ftt  a  temperature  of  23"  C.  At  the  end  of  that  time 
55  per  cent  of  the  salicin  was  decomposed. 

To  10  C.C  of  the  Aspergillus  extract  "2  grm.  of  eoniferin 
was  added.  This  glucoside  being  scarcely  soluble  in  water  the 
liquid  remained  turbid,  the  conifcrin  being  only  in  a  fstatc  of 
suspension.  The  digestion  was  carried  on  for  30  hours  at  23"  C. 
and  then  for  a  further  three  hours  at  45"  C.  During  this 
exposure  the  liquid  became  less  and  less  turbid  till  it  was 
nearly  clear.  A  little  later  it  became  milky«  and  a  new 
precipitate  was  formed  which  settled  down  in  the  tube,  and 
inci'eased  in  quantity  till  the  end  of  the  experiment. 

At  the  end  of  the  digestion  the  liquid  contained  093  grra, 
of  glucose,  which  was  nearly  aa  much  as  the  2  grm.  of  coniferin 
was  capable  of  yielding  on  complete  hydrolysis.  The  final 
precipitate  was  the  couifcrilic  alcohol  resulting  from  the  de- 
compoBition,  which  like  the  couiferin  itself  ia  almost  insoluble 
in  water. 

Besides  aviygdtUin,  salicin,  and  coniferin,  Bourtpielot  and 
H^risscy  found  the  cmulsin  of  Aspergillus  to  be  capable  of  ^| 
hydrolysing  pUoridzin,  arbutin,  esctdin,  helicin,  and  populin. 
They  obtained  negative  results  with  solanin,  kesperidin,  con- 
vallamarin,  di^talin,  jalapin,  and  airactylate  of  patassimn, 

Gerard's  results  with  Peniciliura  were  vei^'  siniilai*  to  those 
of  Bourquelot.  He  prepared  his  enzyme  by  macerating  the 
mould  in  distilled  water,  and  concentrating  the  extract  to  a  small 
bulk  in  vacuo.  The  emulsin  was  then  precipitated  from  the 
concentrated  extract  by  the  addition  of  alcohol.  He  found  it 
capable  of  hydrolysing  aoiygdalin  and  salicin. 

Bourquelot  has  ascertained  that  emulsin  is  present  in  many 
other  fungi  than  the  species  mentioned.  It  is  not  confined  to 
saproph^'tic  forms,  but  exists  iu  a  large  number  of  parasites, 
prominent  among  which  may  be  meutioned  the  genus  Poly- 
poruB.    In  all  he  investigated  43  fungi  of  parasitic  habit,  and 
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found  34  to  contain  emtiUin.  Most  of  the  latter  infest  living 
treea,  especially  attacking  the  old  wood  It  is  well  known  that 
the  cortex,  the  cambium,  and  even  the  woody  parts  of  trees 
contain  glucosidea.  The  distribution  of  the  enzyme  in  the 
fnngi  seems  to  bear  some  relationship  to  the  peculiarities  of 
their  parasitism. 

Recently  Hdrissey  hns  discovered  emulsin  in  several  Lichens, 
among  which  may  be  mentioned  Usnea  barbcUa,  Pkysda  cxU- 
arts,  Parmelia  caperata  and  two  species  of  Ramalina.  He 
bruised  the  lichen,  and  placed  about  half  a  gramme  in  contact 
with  a  solution  of  amygdalin  for  two  or  three  days  at  a  tcm- 
peratnre  of  35"  C.  At  the  end  of  that  time  both  hydrocyanic 
acid  and  sugar  were  present. 

It  is  doubtful  whether  emulsin  exists  in  the  animal  orga- 
ziism.  Kolliker  and  MUllcr  have  shown  that  the  pancreatic 
juice  is  capable  of  effecting  the  decomposition  of  amygdalin 
bat  the  specific  enzyme  has  not  been  isolated. 

Emulsin  acte  most  energetically  at  temperatures  between 
30"  and  40"  C. ;  above  the  latter  point  its  power  gradually 
declines,  bat  it  is  not  entirely  destroyed  till  heated  t<o  near 
80"  C.  It  works  best  in  neutral  solutions,  but  its  activity  is  not 
materially  impeded  by  the  presence  of  small  quantities  of  either 
acids  or  alkalis. 


Alip'osin. 

Thus  body,  which  is  the  characteristic  enzyme  of  the  Cmci- 
ferae,  was  6rst  discovered  by  Bussy.  Not  only  is  it  widely 
distributed  throughout  the  Cruciferae  but  it  occurs  also  in 
several  closely  allied  Natural  Orders,  It  acts  especially  upon 
the  glucoside  ainigt-in  or  mytwrnte  of  potassium,  effecting  its 
decomposition  into  sulpho-cj/unate  of  allyl,  or  essential  oil  of 
ICostard,  glucose  and  hydrogen-potassium  sulphate  being  simul- 
taneously formed,  according  to  the  equation 

C„H«NKS,O„  =  C,H.CNS  +  C.H„0.  +  KHSO, 

Sinigrin  Sulpbo*  Glucose  liyilnigoii 

cyanxte  ]iiit(Ls.tium 

of  Allyl  «uli)hato 

10—3 


148 


OLtrcosnjE-spLnTwa  enzymes,    mtkosin. 


[CH. 


It  ia  remarkable  that  the  decomposition  of  the  glucoside  is 
apparently  not  ausociated  with  tho  iDCorpomtion  of  a  molecule 
of  water,  so  that  it  cannot  be  described  as  a  process  of  hydro- 
lysis, as  in  all  the  other  caaea  so  fiu-  ezaraiued. 

When  the  seed  of  the  black  mustard,  Stnapis  {Brastica) 
niffra,  is  bruised  and  treated  with  water,  the  odour  of  the 
sulpho-cyanate  of  allyl  is  easily  recognisable.  Both  the  myroon 
and  the  glucosiide  are  contained  in  the  seed,  but  in  separate 
cells,  and  the  reaction  is  the  result  of  their  being  brought 
together  by  the  solvent, 

Sinigrin  can  be  prepared  from  the  seeds  of  the  black 
mustard  by  the  following  method,  which  is  a  modification 
of  that  used  by  Bussy.  A  kilogramme  of  the  powdered  seeds 
is  extracted  with  I "5  litre  of  alcohol  of  82  per  cent  strength; 
and  boiled  till  the  alcohol  is  reduced  to  1250c.e.  The  residue 
is  pressed  while  hot,  and  again  boiled  with  a  further  quantity 
of  alcohol.  After  decantation  of  the  spirit  it  is  then  pressed 
and  dried  at  100' C.  and  digested  for  12  hours  with  three 
times  its  volume  of  cold  water.  The  residue  is  again  separated 
by  decantation  and  digested  with  two  volumes  of  water.  The 
two  aqueous  solutions  are  eiwporated  to  a  syrupy  consistency, 
after  the  addition  of  a  little  carbonate  of  barium.  This  syrupy 
residue  is  then  exhausted  by  boiling  alcohol,  of  86  per  cent, 
concentration,  which  dissolves  the  siuigriu.  After  filtration  the 
spirit  is  distilled  otf,  and  the  glucoside  crystallises  out. 

The  localisation  of  myrosin  has  been  the  object  of  a  very 
elaborate  research  by  Guignard ,  who  has  investigated  its  occur- 
rence in  a  very  large  number  of  plants  belonging  to  the 
Njitural  Orders,  Cruci/erae,  Capparidaceat,  Resedaceas,  Tro- 
panhceae,  LimnanVioceae  and  Papayaceae,  and  has  carefully 
sci-utinised  the  various  regiMis  and  organs  of  typical  members 
of  all  these  groups.  In  1886,  Heinricher  showed  that  in  many 
of  the  plants  of  the  Cruciferae,  special  cells,  very  variously 
distributed,  could  be  recognised  by  the  peculiar  nature  of  their 
contents.  They  gave  very  strongly-marked  proteid  reactions 
and  hence  he  considered  them  to  be  resen-oire  of  albuminoid 
material.  Guignard  has  found  similar  cells  widely  distributed 
in  plants  belonging  to  all  the  Natural  Orders  mentioned  and 
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by  similar  tests  to  those  ho  employed  in  the  cases  of  the 
nheny-laurel  and  almond,  he  has  identified  them  as  the  cells 
which  contain  myrosin.  They  are  recognisable  by  their  finely 
granular  contents  and  by  their  being  free  from  starch,  chloro- 
phyll, fatty  matter,  and  aleurone  grains,  though  they  are  sitnated 
in  various  regions  amoug  other  oclls  which  contain  one  or  more 
of  these  constituents.  When  the  tissue  in  which  they  lie  is 
treated  with  Alillon's  reagent  and  warmed,  these  cells  become 
orange-red  in  colour,  while  the  parenchjTna  in  which  they  are 
embedded  only  takes  on  a  pale  pink  tinge.  They  give  a  violet- 
red  coloration  with  cupric  sulphate  and  caustic  potash.  These 
cells  contain,  associated  with  their  protoplasm,  a  quantity  of 
amorphous  proteid  matter,  which  is  coagulated  by  alcohol,  and 
then  separates  from  the  peripheral  protoplasm  in  the  form  of 
coarsely -granulated  masses,  which  on  subsequent  treatment 
with  Millon's  reagent  are  coloured  a  more  vivid  red  than 
the  protoplasm.  The  cells  can  be  distinguished  among  the 
parenchyma  in  which  they  lie  by  staining  with  methyl-green 
and  other  antlin  dyes.  Usually  they  are  slightly  larger  than 
the  surrounding  colls  and  are  longer  and  less  regular  in  shape. 

The  power  of  decomposing  sioigiin  possessed  by  pieces  of 
different  tissues  carefully  dissected  out  was  found  by  Guignard 
to  vary  with  the  number  of  such  cells  which  the  tissue  con- 
tained. The  myrosin  seems  to  be  associated  in  them  with 
the  proteid  matter,  just  as  in  the  case  of  cmulsin  as  described 
above.  The  demonstration  of  the  presence  of  myrosin  in  these 
cells  was  most  easily  effected  in  the  WaU-jhwer,  in  which  they 
form  a  readily  separable  layer  of  the  pericycle.  When  this 
was  isolated  with  great  care  and  warmed  with  a  2  per 
cent,  solution  of  sinigrin.  the  characteristic  odour  of  the 
iralpho-cyanide  of  allyl  was  perceptible  almost  immediately. 
Guignard  found  throughout  his  experiments  that  any  tissue 
containing  these  cells  could  effect  the  decomposition,  but  that 
if  they  were  not  present  the  tissue  could  not  act  upon  the 
glucoside. 

The  results  of  GuignardV  researches  into  the  localisation  of 
these  cells  in  the  plants  of  the  various  Natural  Orders 
mentioned  may  be  briefly  summarised  as  follows: — 
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Roots.  Chiefly  in  the  cortex,  but  sparsely  in  the  wood  In 
fleshy  rrMits  the  tissue  represeuting  the  wuod  is  mainly  paren- 
chymtitouB,  and  contains  them.  In  woody  roota  they  are  found 
in  the  secondary  bast  aa  well  as  in  the  cortex  and  to  a  less 
extent  in  the  medullary  mys.  In  the  Cftpparidftceae  the  wxnd 
oontainH  none,  but  some  are  found  in  the  pith.  In  the 
Resedaceae  they  do  not  occur  farther  inwards  than  the  bast 
In  the  Papavaceae  the  root  is  not  very  rich  in  myrosio. 

Stems.  There  is  a  good  deal  of  variety  in  the  distribution 
in  different  species.  Speaking  gc^uerally,  the  pericycle  and  the 
tissues  derived  from  it  are  richest  in  the  enzyme,  while  the 
secondary  bast  comes  next  in  importance.  When  the  special 
cells  occur  in  the  region  of  the  wood  they  are  generally  in  the 
moduilary  rays.  The  pith  also  contains  ^me  of  them.  Guig- 
oard  recognises  nine  types  of  distribution  in  the  stems  of  the 
Cruciferae. 

(1)  The  pericycle  alone.     Lepidium  saiiva  «fc. 

(2)  The   pericycle  and  the  primary  and  secondary  bast. 

Erysimum  cheintnt/to'ides. 
(8)    The  cortex  chiefly,  but  the  pericycle  to  a  lees  extent. 

Moncandia  hesperidijlotxi. 
(4)    The  cortex,  and  the  bast  under  a  thin  and  scleren- 

chymatous  pericycle.     Iberis  amara  etc. 
(6)    The  cortex,  pericycle  and  pith.     I{astutiium  offidnaU 

etc. 

(6)  The   cortex,  pericycle,  and   seoondai'y  bast     Buniae 

orientalis  etc. 

(7)  The  cortex,  pericycle,  aecondary  host  and  pith.     Ra- 

pjianus  stUhms  etc. 

(8)  The  cortex   and   pericycle  chiefly;   also  the  primary 

and  secondary  bast  and  pith.     Brassica  nigra  etc. 

(9)  The   cortex,  pericycle,   primary   and   secondary  bast, 

woody  parenchj-ma  and  pith.     Cochleana  antiora- 

cea  etc. 

The  distribution  in  the  other  families  referred  to  is  similar^ 

with  the  exception  of  the   Papaj'aceae,  in   which  group  the 

stems  contain  but  little  ro)Tosin.    In  the  Limnanthaceae  the 

special  cells  lie  mainly  in  the  lacunar  cortex,  but  a  few  arc  to 
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he  foqnd  in  the  bast ;  in  the  Tropceolaceae  they  generally  form 
groups  or  nodules  of  cells  in  the  hypodermal  layer  of  the 
cortex,  a  few  being  in  the  bast. 

Leaw8.  Species  that  contain  uiany  of  the  inyrosiu-secreting 
cells  in  the  axis  of  the  plant  generally  exhibit  them  in  the 
leaves  also,  and  the  relative  proportion  is  often  greatest  there. 
They  occur  throughout  the  mesophyll  but  arc  usually  most 
numerous  towards  the  lower  surface.  In  some  leaves  they  are 
localised  in  the  mesophyll  and  the  pericycle ;  in  others  chiefly 
in  the  pericycle  and  in  the  bast  of  the  veins.  In  a  few  cases 
they  occur  in  the  endodermis  of  the  bundles.  In  the  Cappari- 
dftceae  they  arc  found  two  or  three  together,  the  groups 
extending  through  the  parenchyma.  In  the  Limnauthoceae 
they  are  principally  in  the  epidermis  of  the  lower  surface. 
They  are  very  long  in  comparison  with  their  breadth,  aud 
appear  almost  tubular ;  sometimes  two  or  more  lie  side  by  side. 
In  the  Papayaceae  different  Rj>ecies  vaiy  as  to  the  abundimce 
of  myrosiu  they  contain.  A  good  deal  is  present  in  the  leaves 
of  Carica  condinamarcensis  and  Vasconcella  querci/oHa,  the 
celU  being  chiefly  found  in  the  lamina. 

Flowers.  In  the  Capparidaceae  the  dower  contains  large 
numbers  of  the  secrotiug  cells  both  in  the  sepals  and  petals. 
They  are  very  numerous  in  the  wall  of  the  ovary.  In  this 
order  they  generally  occur  in  tittle  groups,  each  of  which  is 
developed  from  a  single  cell  which  becomes  conspicuous  while 
the  tissue  Ls  still  very  youug.  In  Tropceolum  they  are  very 
prominent  in  the  tissue  of  the  spur.  In  the  flowers  of  the 
Cruciferae  they  are  met  with  chiefly  in  the  carpels,  where  they 
He  in  the  neighbourhood  of  the  fibre -vascular  bundles. 

Seeda.  In  the  Cruciferae  the  distribution  of  the  secreting 
cells  varies;  either  the  integuments  alone,  or  both  embryo  and 
mtegumenta  may  contain  them.  Quignard  distinguishes  five 
types  exhibiting  the  following  regions  of  localisation  : — 

(1)  The  cotylcdonary  parenchyma  and  the  cortex  of  the 
axis  of  the  embryo. 

(2)  The  tissue  abutting  on  the  bock  of  the  cotyledocary 
fibre- vascular  bundles,  or  the  pericycle  if  that  layer 
is  differentiated ;  also  the  cortex  of  the  axis. 
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(3)  Both  regions  describod  under  (I)  and  (2). 

(4)  Sometimes  they  are  abbeut  (torn  the  radicle  and  the 

cotyledons. 

(5)  The  integuments  only. 

In  the  Limnanthoccae  thc»u  cells  can  be  detected  in  the 
parenchyma  of  the  cotyledons  when  the  seed  is  very  young 
and  before  reserve- materials  are  stored  in  any  of  the  cella 
Later,  on  germination  of  the  seed,  they  can  be  recognised  in 
the  lower  epidermis  as  soon  as  the  cotyledons  become  green. 
The  other  orders  except  Papayaceae  show  u  similar  distribution. 
In  these  the  myrosiu  is  almost  conHned  to  the  outer  integu- 
ment, which  forms  a  thin  pellicle  swelling  considerably  when 
in  contact  with  water.  It  l»  doubtful  whether  any  of  the 
enzyme  is  secreted  in  the  inner  layer  of  the  seed-coat. 

There  is  no  myrosin  in  the  latex  of  the  Papa^'aceae. 

Besides  these  Natural  Orders,  Guignard  has  discovered 
myrosin  in  several  species  of  Manihot  from  BraziL  It  is  not 
localised  there  in  the  laticifcrous  f^tem  as  is  emulsin. 

Though  the  action  of  myrosin  has  been  examined  chiefly 
with  regard  to  the  decomposition  of  sinignn,  it  is  equally 
efficacious  in  Bplitting  up  ainalbin.  the  glucoside  present  in  the 
White  Mustard,  Brassica  alba,  and  there  seems  no  doubt  that 
it  can  decompose  all  the  glucosidcs  which  are  so  prominent  in 
the  Natural  Orders  uientioned.  These  are  much  alike  in  the 
products  of  their  decomposition,  the  aromatic  molecule  varying 
in  different  cases. 

Guignard  has  carried  out  a  research  on  some  of  the  chemical 
and  physical  properties  of  myrosin,  in  which  he  has  found  it  to 
possess  many  points  of  agreement  with  other  enzymes.  Hia 
material  was  drawn  from  two  sources,  the  outer  integument 
of  the  seed  of  Carica  papaya,  and  the  extract  of  the  ground 
seed  of  the  White  Mustai-d.  The  enzyme  behaved  in  an 
almost  identical  manner  in  the  two  cases. 

The  outer  coat  of  the  seed  of  Carica  can  be  easily  separated 
from  the  rest  of  the  stnicture.  It  swells  up  considerably  in 
water  and  assumes  an  almost  mucilaginous  consistency.  The 
inner  coat  is  hard  and  sclercnchymatous,  so  that  the  outer 
envelope  can  be  easily  separated  from  it.    The  cells  of  the 
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outer  coat  contain  hardly  anythiog  but  myrosin,  and  a  £urly 
pure  preparation  of  the  enzyme  can  be  obtained  by  swelling 
up  this  layer,  separating  it  from  the  inner  coat,  drying  it  and 
grinding  it  to  powder.  A  very  minute  quantity  of  this  powder 
is  sufficient  to  set  up  decomposition  of  the  glucoside. 

Guignord  prepared  it  from  the  White  Mustard  by  grinding 
a  number  of  the  seeds  and  soaking  them  in  water  at  40"  C.  for 
several  hours.  The  filtrate  from  the  paste  so  formed  was  then 
heated  to  70°  C.  to  coagulate  the  larger  part  of  the  proteids 
which  were  subsequently  separated  by  a  further  filtration.  The 
myrosin  was  thrown  down  from  this  filti-ate  by  the  addition  of 
two  volumes  of  alcohol  of  90  per  cent,  concentration,  filtered 
off  and  dried  over  a  water-bath  at  30"  C,  being  tiuaily  washed 
with  ether. 

Id  his  experiments  on  the  properties  of  mjTosin,  Guignard 
uaed  both  these  preparations  side  by  side  throughout. 

The  enzyme  was  found  to  show  certain  peculiarities  with 
regard  to  its  power  of  resisting  destruction  by  high  temperatures. 
A  series  of  tubes  was  prepared,  each  containing  6  c,c.  of 
the  extract  of  the  seeds  of  Carica  or  Mustard,  mixed  with 
6  cc.  of  water,  and  they  were  heated  on  a  water-bath  very 
gradually.  When  a  temperature  of  50*  C.  was  reached,  the 
first  tube  was  withdrawn,  and  another  was  removed  at  each 
increment  of  l''C.  The  heating  was  continued  till  the  tem- 
perature of  85'  C.  was  reached.  The  tubes  were  then  allowed 
to  cool  and  "OS  grm.  of  sinigrin  was  addt^l  to  each,  and  they 
were  digested  at  the  temperature  of  the  laboratory  for  18  to 
24  hour&  The  retention  of  the  power  of  decomposing  the 
glucoside  was  ascertained  by  observing  whether  or  no  there 
was  a  production  of  the  odour  of  the  eulphocyanatc  of  allyl  in 
each  case.  It  was  found  that  no  deterioration  of  the  power 
of  the  myrosin  to  liberate  this  body  had  taken  place  in  those 
tubes  which  had  not  been  heated  to  81"  C.  From  this  point 
upwards  the  temperature  partially  destroyed  the  enzyme  and 
the  destruction  was  total  at  85"  C.  The  curve  representing 
the  action  at  different  temperatures  was  seen  to  show  accord- 
ingly a  veiy  rapid  fall  between  81"  and  85"  C,  a  much  steeper 
slope  than  that  exhibited  by  the  corresponding  curve  of  any 
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other  euz^me  so  far  exainijied.  The  maxiraum  tempemtttre 
or  point  at  which  destruction  takes  place  is  nob  very  (]iffcrenl 
from  that  given  by  Kjeldahl  for  diastase,  which  is  86°  C.  bat 
it  iit  considorably  higher  than  that  for  in  vertase,  which  is  70"  C. 

Salicylic  acid  when  present  in  the  proportion  of  less  than 
I  per  cent,  does  not  inteifere  with  the  action  of  myrosin ; 
I'o  per  cent,  weakens  it  very  considerably,  and  the  enzyme  is 
(]uite  inoperative  in  the  presence  of  2  per  cent.  Diastase  is 
affected  in  a  very  similar  way  by  salicylic  acid. 

The  presence  of  1  per  cent,  of  tannin  nearly  Ktope  the  action 
of  both  myrosin  and  emnlsin.  If  the  digestion  is  carried  on  at 
a  high  temperature,  such  as  80°  C.  the  inhibitory  effect  of 
tannin  is  much  greater,  '06  per  cent,  being  sufficient  to  suspend 
tiltogetber  the  decomposition  of  the  glucoside. 

Chloral  has  much  less  effect  on  the  action  of  either  myrosin 
or  emulsin,  which  is  rather  surprising,  as  this  reagent  cumbines 
very  energetically  with  probeids.  Quignard  prepared  a  series 
of  tube«  each  containing  5  ex.  of  extract  of  the  testa  of  the 
seeds  of  Carica,  20  c.c.  of  water,  and  '02  gnu.  of  tdnigrin,  and 
to  the  several  tubes  of  the  series  he  added  gradually  incroastug 
proportions  of  chloral,  and  digested  them  at  40""  G.  Ue  found 
that  a  tube  containing  1  per  cent,  of  chloral  evolved  a  strong 
uduur  of  allyl  sulpho-cyanate  in  15  miimtes;  in  the  presence 
of  2  per  cent,  much  less  was  produced ;  with  3  per  cent  the 
odour  was  only  just  perceptible  in  that  time ;  with  4  per  cent 
there  was  no  odour  till  after  30  minutes ;  and  with  5  per  cent 
the  action  oould  not  be  detected  till  the  expiration  of  an 
hour.  Subsequent  digestion  for  12  hours  did  not  increase  the 
intensity  of  the  oilour.  When  a  tube  was  heated  to  80' C. 
for  2  minutes  with  1  per  cent,  of  chloral,  the  enayme  was  de- 
stroyed. ■  That  temperature  alone  was  without  effect  upon  it. 

Alum  and  borax,  which  have  antiseptic  properties,  exercised 
but  little  intiuoncc  upon  myrosin,  quantities  of  less  than  6  to  8 
per  cent,  being  innocuous. 

Siythrosyme. 

A  third  enzyme  which  is  capable  of  splitting  np  a  glucoside 
was  discovered  by  Schunck  in  1852  in  the  root  of  the  Madder 
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plant  (Rubia  tincloria).  Unlike  the  others  so  far  described,  it 
has  a  very  limited  distribution  and  acts  upon  only  a  siagle 
glucoside.  The  Utter,  which  Schimck  named  rubian,  vfaa  in- 
vestigated by  him  two  years  earlier.  He  found  that  by  soaking 
the  cortical  tisHue  of  the  root  in  water  he  could  extract  from  it 
a  body  which  on  the  addition  of  either  protochloride  of  tin,  or 
acetate  of  lead,  yielded  a  beautiful  purple  prucipitatt.-.  After 
separating  this  from  the  liquid  by  filtration,  on  suspending  it 
in  water  and  passing  a  stream  of  sulphuretted  hydrogen  through 
it,  the  sulphide  of  tin  which  was  formed  cairicd  down  with  it  pan 
of  the  colounng  matter,  leaving  another  part  in  solution.  The 
mixtare  of  these  two  had  been  previously  described  by  Kuhl- 
mftnn  as  a  single  colouring  matter  under  the  name  oi  Xanthijie. 

The  precipitated  sulphide  of  tin  with  its  adherent  colonring 
matter  when  collected  on  a  61ter  and  well  washe<l  with  cold 
water,  gave  up  to  boiling  alcohol  the  colouring  matter  alone, 
forming  a  yellow  solution.  This  on  evaporation  deposited  the 
pigment,  which  Schunok  named  nibian.  When  it  was  hydro- 
lyscd  by  dilute  mineral  acids,  the  beautiful  purple  colour 
returned  and  was  proved  to  be  due  to  the  formation  of  alizarin, 
glucose  and  other  bodies  of  complex  composition  being  also 
present  in  the  solution. 

The  enzyme,  like  the  glucoside.  was  prepared  from  a  watery 
extract  of  the  madder  root.  A  quantity  of  the  latter  was  ground 
and  placeil  upon  a  layer  of  fine  canvas  and  extracted  with  a 
large  volume  of  distilled  water.  4  quarts  being  used  for  each 
pound  of  ground  root.  During  the  process  the  temperature  of 
the  liquid  was  maintained  at  38' C.  The  watery  extract  was 
ndded  to  an  equal  bulk  of  alcohol,  when  a  brown  flocculeut 
precipitate  separated  out.  This  was  sei>arotcd  by  decantation 
and  washed  on  a  filter  with  alcohol  till  the  latter  failed  to  extract 
ftuy  more  colouring  matter.  A  reddish-brown  mass  then  re- 
mained on  the  filter. 

This  crude  material  contained  the  enzyme,  mixed  however 
^rith  various  peotic  bodies  and  probably  some  p€ctuge,a  peculiar 
enzyme  which  will  be  described  in  a  Hub.swjuent  chapter. 

When  n  quantity  of  it  was  added  to  a  solutiou  of  rubian  and 
left  at  the  ordinary  laboratory  temperature  for  a  few  hours,  the 
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liquid  became  a  jollj  of  a  light  brown  colour,  tasteless,  and 
Insoluble  iu  cold  wat^r.  After  standing  for  a  tune,  any  water 
which  was  passed  through  it  remained  uncoloured.  Schunck  took 
this  point  to  be  that  at  which  the  action  of  the  enzyme  ceaaed. 
The  liquid  remained  neutral  in  reaction,  and  there  was  no  evo- 
lution of  any  gas.  The  jelly  in  all  probability  rc-sulted  from 
the  action  of  the  pectase  on  certain  constituents  of  the  extract, 
as  we  shall  see  later.  In  addition  to  the  antecedent  of  the 
jelly  the  extract  contained  certain  substances  formed  from  the 
rubian.  By  appropriate  treatment  Schunck  separated  from  it 
alitarin,  the  purple  colouring  matter  which  is  formed  from 
rubian  by  acids,  verantin  and  ruhiretin,  two  bodiej?  of  resinous 
nature,  ruhiafin,  rubiagin,  and  rtibiadipin^  the  last  named  being 
of  a  fatty  character.  The  water  with  which  the  jolly  had  been 
washed  contained  glucose  and  certain  pectic  bodies. 

The  decomposition  was  apparently  of  a  very  complex  charac- 
ter, for  under  various  modifications  of  the  treatment,  the 
proportions  of  the  various  resulting  producte  were  found  to 
varj'  considerably.  Under  the  conditions  described  the  sugar 
aod  the  rubiafin  and  rubingin  were  in  greatest  amount,  and 
the  alizarin  in  snmllcKt,  the  quantity  of  nibiretin  and  verantin 
being  intermediate  between  the  others.  When  a  trace  of 
rndphuric  acid  wa^  added  to  a  Holutiou  in  which  the  action 
was  proceeding,  the  bulk  of  the  product  consisted  of  rubi-  fl 
retin  and  verantin,  a  little  alizarin  and  rubiagin  also  being 
formed.  When  the  liquid  was  made  alkaline  instead  of  acid, 
carbonate  of  soda  being  used  in  small  quantities,  there  waa 
formed  a  large  amount  of  rubiafin,  more  than  the  average 
quantity  of  alizarin,  a  moderate  amount  of  nibiretin  and 
ver&ntin,  and  no  rubiafin.  Excess  of  caustic  alkali  produced 
the  same  result  as  dilute  sulphuric  acid.  The  more  the 
action  was  retarded  by  any  cause,  the  more  nibirotin  and 
verantin  and  the  less  alizarin  resulted. 

From  hi.s  numertnis  experiments  under  varj'ing  conditions 
Schunck  came  to  the  conclusion  that  the  decomposition  involved 
three  portions  of  rubian.  The  first  lost  water  and  gave  rise  to 
alizarin.  The  second  also  lost  water,  but  produced  nibiretin 
and  verantin  in  equal  proportions.     The  third  only  was  truly 
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bydrolysed,  taking  up  water  and  pruduciii}^  Bugar  aud  rubiafiii. 
or  with  more  water,  rubiagin.  Tlio  rubiadipiu  he  found  to  be 
pi-csent  in  very  small  quantity,  and  he  held  both  its  origin  and 
nature  to  be  very  uncertain.  Schunck  attributed  all  these 
actions  to  the  influence  of  the  enzyme,  which  he  named 
etytfirotj/me. 

This  body  is  insoluble  in  water,  but  remains  in  suspension  in 
it,  and  can  be  thrown  down  from  such  a  suspension  by  the  addi- 
tion of  acetate  of  lead  or  bichloride  of  mercury.  Its  activity  is 
destroyed  by  heating  it  tu  100"^  C.  in  the  presence  of  water, 

Erythrozyuie  m  apparently  related  to  emuUin,  for  the  latter 
enzyme  has  also  a  limited  power  of  action  on  rubiau.  Scbuuck 
used  a  preparation  of  emnlsin  from  bitter  almonds,  which  he 
obtained  by  precipitating  the  watery  extract  of  the  seeds  by 
alcohol,  after  getting  rid  of  the  oil  which  they  contain.  He 
found  that  emulsiu  formed  alizarin,  verantin.and  rubireliu  from 
the  rabian,  the  alizarin  being  in  greater  quantity  than  when 
erythrozyme  was  employed.  He  has  made  no  statement  as  to 
the  occurrence  of  either  rubinfin,  nibiagin,  or  glucose  in  his 
emnlsin  digestioniii. 

Schunck  considered  that  though  the  two  enzymes  were  allied, 
emulsin  had  a  feebler  action  than  erythrozyme. 

Rhanitiase. 

A  fourth  enzyme  also  belonging  to  this  group  has  a  still  more 
limited  distribution  than  cither  of  those  .so  far  described.  It 
occurs  in  the  seeds  of  Wiaiimus  in/ectorius,  the  so-called  Peisian 
berry,  a  apecies  whose  fruits  yield  a  brilliant  yellow  dye.  This 
enzyme,  which  may  be  called  rfiamnase,  has  beeu  investigated 
by  Marshall  Ward  and  Dunlop.  The  fruits  contain  a  glucoside 
whirh  is  known  as  Xanthorhamniti  and  which  has  the  formula 
C«,H„OviK  When  decomposed  it  yields  rliaimietin  or  rhamnin 
ond  gluctwe.  If  the  pulp  of  the  fruits,  or  an  extract  of  the 
pericarp  is  digested  with  an  extract  of  the  seeds  and  kept  for  a 
bort  time  at  a  terajKirature  of  35°  C.  a  copious  yellow  precipi- 
Ftate  falls,  which  consists  of  the  rharnnin,  the  sugar  remaining  in 
BoiutioD.  Boiling  the  extract  of  the  seeds  destroys  its  power  of 
producing  the  precipitate.     Very  careful  histological  investiga- 
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tioiu  have  proved  that  the  enzyuie  is  confined  to  the  raphe  of 
the  seed,  which  is  camposed  of  pfirenchyniatous  cells,  containing 
H  brilliant  oily-looking,  culourltiss  substance.     The  cells  exhibit 
two  or  three  large  vacuoles  in  which  a  few  brilliant  granules 
can  be  observed.    When   the   authors  prepared  a  solution  of  ^M 
xanthorhaninin  from  the  pericarp  of  the  fruit  and  floated  a  ™ 
Hmall  portion  of  the  raphe  of  the  seed  upon  its  surface,  the 
action  of  the  rhamnase  became  visible  in  the  course  of  a  few    fl 
minutes.     In    ten    minutes    the    Hoating   piece   of  tissue   was 
covered   with   a   golden-yellow   precipitate    of   the    colouring 
matter;  in  twenty  minutes  clouds  of  the  same  precipitate  were 
sinking   through    the   solution,  and   in  less  than  an  hour  the 
bottom  of  the  test  tube  which  contained  it  was  covered  by 
a  layer  nearly  two  millimetres  deep. 

Rhamnase  has  only  been  observed  in  the  species  alluded  to. 

Gaultherase  (Betnlase). 

The  fifth  enzyme  of  this  group  which  calls  for  notice  has 
been  the  subject  of  investigations  by  Schneegans  and  by  Bour- 
quelot.  It  was  detected  by  the  former  of  these  observers  in 
the  hark  of  Betula  leuta  and  he  gave  it  the  name  of  betiUoM. 
Bourquolot  found  it  independently  in  several  plants,  among 
which  may  be  mentioned  especially  Monotropa  hypopythig^ 
OaulUieria  procumbens,  Spirwa  Ulmaria,  S.  FilipenduUi,  and 
several  species  of  Polynia.  It  hydrotyses  gaultherin  with  the 
formation  of  meihylsalicylic  acid  (oil  of  winter-green)  and 
glucose,  the  following  equation  representing  the  reaction ; — 

C„H„0.  -^  H,0  =  CH^OHCOOCH,  +  C.H„0. 
gaultherin  meihylsalicylic  acid      gluooae 

Bour(|uelot  has  named  it  gauUhtraM,  &om  the  name  of  tJie 
glucoeide. 

Gaultherin  was  first  discoveied  in  1844  by  Procter  in  the 
bark  of  Betula  lenta  \  he  was  not  successful  in  preparing  it  iu  a 
pure  conditiou,  but  he  ascvrtained  that  on  decumpoeitioa  it 
yielded  met hy [salicylic  acid,  and  he  stated  that  the  same  bark 
contained  a  ferment  which  was  capable  of  splitting  it  up.  Fifty 
years  later  Schneegans  and  Gerock  prepared  the  glucoside  from 
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the  same  source  but  by  a  mtithod  which  enabled  them  to  get  it 
in  a  crystalline  form  and  to  determine  its  formula. 

In  the  same  year  Bourquelot  found  that  the  oil  of  winter- 

an  could  be  prepared  froro  several  species  of  Polygala  {P, 
pulgaria,  P.  calcarea,  and  F.  depresjsa)  and  fi-om  Monotropa 
fhypopi/this,  a  parasite  which  grows  upon  the  roots  of  several 
trees,  especially  some  species  of  Pinus.  Monotropa  is  the 
typical  genus  of  the  Natural  Order  Monotropaceae,  which  is 
sometimes  considered  only  a  sub-order  of  Ericaceae. 

On  bruising  the  roots  of  the  gpecies  of  Polygala  ur  the  stems 
of  Monotropa  the  characteristic  odour  of  the  oil  of  winter-green 
is  very  s<tot\  perceptible.  Bour(|uelot  states  that  it  arises  in 
consequence  of  the  decomposition  of  the  glucosidc  under  the 
influence  of  an  enzyme. 

Bourquelot  prepared  both  the  glucoside  and  the  enzyme 
from  the  stems  of  Monotropa  and  ascertained  that  though  both 
are  present,  they  are  not  found  in  the  same  cells,  and  that  con- 
l  aequently  the  methylsalicylic  acid  noticed  suon  after  bruising  the 
tissues  does  not  exist  in  the  plant  during  its  intact  condition 
but  is  formed  as  a  result  uf  the  injury. 

le  prepared  the  en^ntne  by  the  follo\ving  treatment : — 
Qtly  gathered  Monotrupa  plants  were  triturated  in  a  mortar 
with  washwi  sand ;  the  mixture  was  digested  for  halfan-hour 
with  do  per  cent,  alcohol  and  the  latter  removed  by  filtration. 
The  contents  of  the  filter  were  then  washed  with  alcohol 
'ftnd  subsequently  with  ether,  and  dried  in  contact  with  the 
air.     The  powder  so  produced  contained  the  enzyme. 

It  is  of  course  apparent  that  the  latter  is  not  in  any  degree 
isolated  by  this  method.  The  powder  must  contain  all  the 
[  constituents  of  the  plant  except  such  as  arc  soluble  in  alcohol 
and  ether.  As  the  glucoside  however  is  Holuble  in  the  former 
medium,  the  method  can  be  relied  on  to  separate  the  two  bodies 
which  take  part  in  the  hydrolysis. 

Bonrquelot  found  that  a  little  of  the  ]>owder  when  added  to 
an  aqueous  solution  of  gaultherin  very  speedily  produced  the 
odour  of  methylsah'cylic  acid. 

The  same  decomposition  can  be  readily  brought  about  by 
the  action  of  dilute  mineral  acids  at  a  temperature  of  100°  C. 
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Gaultherase  is  present  in  considerable  quantity  in  the  leaveu 
and  berries  of  GaiiUheria  procumhens.  The  characteristic  pro- 
duct of  its  action,  inethy  Isalicylic  acid,  can  also  be  easily  extracted 
from  the  same  parts  of  the  plant  by  distilling  them  with  water. 

Bourquelot  has  prepared  the  enzyme  also  from  the  roots  of 
Polygala  calcarea  and  P.  vulfjarU,  the  roots  of  Spinea  Ulnuiriat 
8.  Filipendula^  and  S.  salici/olia,  and  fri^>m  the  petals  and  leaves 
of  several  varieties  of  Azalra. 

Bourquclot  has  confirmed  the  early  work  of  Procter  and  the 
researches  of  Schneegans,  showing  that  the  same  enzyme  exists 
iu  the  bark  o(  Beiula  lenta.  It  does  not  appear  to  be  quite  certain 
that  the  glucosides  of  Munotrojia,  Polygata  and  the  other  plants 
are  identical  with  the  gaultherin  prepared  from  Bctiila  by 
Schneegans  and  Gerock  but  it  seems  probable,  as  in  all  cases 
the  same  enzyme  effects  its  decomposition  and  the  oil  of  winter- 
green  appears  as  one  of  the  products  of  the  hydrolysis. 


Besides  these  enzymes,  several  others  arc  known  to  occur  iu 
different  plants,  but  they  have  not  been  so  completely  investi- 
gated. One  of  them  is  described  by  Schiitzenberger  as  being 
capable  of  hydrolysing  philii/rin.  &  glucoside  existing  in  the  bark 
of  Phillyrea  laHfolia,  and  popuUn,  which  is  found  in  that  of  the 
Aspen.  These  gluco«ides  are  not  attacked  by  yeast  nor  by 
emulsin  but  appear  to  be  hydrolysed  by  the  lactic  Bacterium. 

The  enzyme  does  not  appear  to  have  been  isolated. 

Br&udat  has  discovered  another  glucoaide-spUtting  ferment 
in  the  leaves  of  laatia  alpiiia,  which  decomposes  indican,  giving 
rise  to  iiidigo-wkite,  and  a  peculiar  sugar  known  as  indiglncine. 
It  resembles  emulsin  in  being  able  to  split  up  amygdaliu,  but 
the  author  does  not  say  whether  the  two  are  identical. 

Tannin  according  to  Strecker  is  a  glucoside  and  undergoes 
hydrolysis,  yielding  gallic  acid  and  glucose,  according  tu  the 
equation 

C„HbO„  +  4H,0  «  3C:H,0,  +  C.H.  A 
Tannin  (Sallic  acid     Glucose 

When  infusions  of  certain  galls  are  allowed  to  stand,  » 
fermentation  takes  place;  tannin  disappears,  and  gallic  and 
ellagic  acids  and  glucose  replace  it. 
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The  enzyme  which  effects  this  hydrolysis  has  Dot  yet  been 
isolated. 

It  has  recently  been  claimed  by  Sigmund  that  the  enz)Tnes 
of  this  group  have  also  the  power  of  splitting  up  fats  into 
glycerine  and  free  fatty  acids.  He  says  that  he  caused  mjTosin 
and  eroulsin  to  act  upon  olive  oil  in  closed  glass  vessels  at  a 
temperature  of  38" — 40'  C.  and  that  free  fatty  acid  was  gradually 
and  continuously  developed  in  the  mixture,  its  presence  being 
demonstrated  both  by  litmus  and  by  phenolphthalein. 

His  mode  of  preparing  the  enzymes  in  however  open  to 
criticism.  He  bruised  seeds  of  the  mustard  in  the  one  case,  and 
of  the  almond  in  the  other,  and  allowed  them  to  macerate  in 
a  quantity  of  water  for  twelve  or  fourteen  hours.  He  then 
decanted  the  supernatant  fluid  and  added  an  excess  of  alcohol, 
thrt)wing  down  a  precipitate,  which  he  removed  by  filtration, 
washed  and  dried  at  about  40'  C.  This  method  is  not  likely 
to  ijsolale  either  myrosiu  or  emulsin ;  if  any  other  enzyme,  e.g.  a 
fat-splitting  one,  was  present  in  the  seeds  as  well  as  either  of  the 
former,  it  would  certainly  have  been  present  in  his  dried  residue. 
Though  hitherto  no  one  has  isolatod  a  fat-splitting  enzyme  from 
these  seeds  there  seems  to  be  reason  for  suspecting  its  presence, 
as  both  mustard-seeds  and  almonds  contaiu  oil.  Sigmund  further 
states  that  cci'tain  fat-splitting  enzymes  which  he  detected  in 
various  seeds  were  able  to  split  up  amygdatin  and  salicin.  The 
same  criticism  may  be  applied  to  this  statement.  The  mode 
of  extraction  was  similar  to  that  described  above,  and  it  is  at 
least  possible  that  his  residues  contained  two  enzymes,  rather 
than  one  as  he  supposed. 

How  far  these  various  glucosides  are  of  value  in  the  nutri- 
tion of  the  plant  is  uncertain.  No  doubt  the  sugars  which 
they  yield  on  hydrolysis  can  be  utilised  in  its  metaboliHin,  but 
whether  the  other  residues  can  be  applied  to  nutritive  purposes 
has  not  been  determined.  Some  researches  recently  published 
by  Treub  seem  to  show  that  in  the  ca.se  of  one  plant  at  least, 
Panffitim  edule,  some  compounds  of  hydrocyanic  acid  are  made 
use  of.    Further  investigation  is  necessary  on  these  points. 
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CHAPTER  XI. 

PROTEOLYTIC   EJfZYMES.      PROTEOLYSIS. 

The  next  group  of  enzymea  which  most  come  under  con- 
sideration comprises  those  which  effect  the  decomposition  of 
proteids.  They  occur  in  both  the  animal  and  the  vegetable 
organism  and  play  a  very  important  part  in  the  metabolic 
processes.  Like  the  diastasic  ferments,  they  may  either  exert 
their  action  in  the  interior  of  the  cell,  as  in  the  case  of  most 
vegetable  organisms,  or  they  may  be  extruded  in  solution  in 
special  secretions,  as  in  the  alimentaiy  canal  of  animals. 

In  examining  their  action  we  are  at  once  confronted  with 
greater  difficulties  than  in  the  case  of  the  diastasic  engines. 
The  constitution  of  starch  has  been  at  any  rate  approximately 
determined  and  the  sequence  of  ch^iges  which  it  undergoes  on 
zymolysis  can  be  expressed  in  the  form  of  chemical  equations, 
which  certainly  appear  probable  if  they  cannot  be  regarded  as 
finally  established.  But  in  the  case  of  proteids  we  meet  with 
similar  difficulties  to  those  presented  in  the  case  of  cellulose. 
We  have  no  conception  at  present  of  their  chemical  constitution 
and  cannot  represent  them  by  any  formula.  As  in  the  case  of 
cellulose  again  we  are  not  dealing  with  a  single  substance,  but 
with  a  large  group  the  members  of  which  show  considerable 
differences  in  behaviour  and  are  no  doubt  differently  related  to 
each  other. 

We  find  that  certain  proteids,  such  as  albumins  and  glo- 
bulins, can  be  split  up  in  various  ways  by  different  reagents, 
and  that  as  a  result  of  such  splitting  other  proteids  are  formed, 
which  we  have  reason  to  think  have  a  simpler  composition  than 
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either  albumin  or  globulin.  We  find  further  that  on  very 
profound  decomposition  certain  of  these  can  give  rise  to  crystal- 
line bodies  which  are  not  proteid,  but  which  belong  tt)  fche 
group  of  substances  known  by  chemists  as  amides.  All  these 
bodies  occur  naturally  both  in  the  animal  and  the  vegetable 
organism.  The  possibility  of  a  gradual  decomposition  of  a 
primary  proteid  such  as  an  albumin  appears  thus  to  be  in- 
dicated, resulting  in  the  appearance  of  a  certain  number  of 
derived  or  secondary  proteids,  which  can  be  broken  down  finally 
into  cr3-8talline  chemical  compounds,  the  constitution  aud  rela- 
tionships of  which  have  been  fully  ascertained. 

But  this  representation  of  the  decomposition  appears  very 
crude  when  compared  with  the  hydrolysis  of  starch,  in  which  we 
have  been  able  to  sec  group  after  grtiup  of  atoms  succe-ssively 
split  off  and  the  subsequent  fate  of  each  group  fairly  satisfactorily 
trac^*d. 

The  decomposition  of  the  proteid  molecule  has  been  effected 
by  the  action  of  dilute  mineral  acids  at  moderate  and  at  high 
temperatures,  and  different  products  have  been  obtained  in  each 
case^ 

When  an  albumin  is  subjected  to  a  prolonged  digestion  with 
•25  per  cent,  of  hydrochloric  acid  at  40"  C.  the  liquid  after  a 
while  is  found  to  contain  at  least  four  profhicts  of  decomposi- 
tion, known  as  antialbumate,  aitiialbumid,  hemialbumose  and  a 
variety  of  peptone.  Antialbumate  can  be  separated  from  the 
rest  by  careful  neutralisation  of  the  liquid  with  a  weak  alkali. 
Gillespie  says  it  falls  just  before  complete  neutralisation.  It 
ia  soluble  only  in  faintly  acid  and  alkaline  solutions  and  differs 
from  albumin  and  globulin  by  not  being  coagulatod  when 
its  solutions  are  boiled.  Antialbumid  appears  to  result  irom 
the  further  action  of  the  acid  on  the  antialbumate ;  it  is  almost 
or  quite  insoluble  in  acid  liquids,  so  that  it  separates  out  as  a 
granular-looking  residue  as  the  action  of  the  acid  proceeds.  It 
is  soluble  in  a  somewhat  stronger  solution  of  an  alkali,  such  as 
aodic  hydrate  of  1  per  cent,  concentration.  Hemialbumose 
docs  not  appear  to  be  derived  from  either  of  the  other  two.  It 
is  soluble  in  acid  and  in  neutral  solutions,  so  that  it  is  not  thrown 
doiA'n  on   neutralisation.     It  is  precipitated  on   the  addition 
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of  a  small  quantity  of  nitric  acid,  or  of  acetic  acid  in  the  presence 
of  potassic  ferrocyanide,  and  the  precipitate  dissolves  on  warming 
bat  reappears  on  subsequent  cooling  of  the  liquid.  The  peptone, 
sometimes  called  kemipepUme,  appears  to  result  from  the  further 
decomposition  of  this  body.  It  is  soluble  in  acid,  alkaline,  or 
neutral  solutions,  and  is  not  precipitated  on  addition  of  nitric 
acid  or  of  acetic  acid  and  potassic  ferrocyanide,  nor  is  its  solution 
coagulated  on  boiling.  Further  reactions  of  all  these  bodies 
will  be  given  subsequently. 

The  decomposition  effected  by  dilute  hydrochloric  acid  at 
40*  C.  is  represented  by  the  following  scheme  by  KUhne,  to 
whose  researches  much  of  our  knowledge  on  this  point  is 
due; — 

Albmnin 


Antialbumate  HemialboinoBe 


AntuJbniuid  Hemipeptone  Hemipeptone 

A  more  complete  decomposition  is  brought  about  by  3 — 5 
per  cent,  of  sulphuric  acid  when  the  digestion  is  conducted  at  a 
temperature  of  100"  C.  The  first  splitting  into  two  groups 
appears  to  be  the  same,  but  either  no  antialbumate  is  formed 
or  it  is  at  once  converted  into  antialbumid.  On  the  side  of  the 
hemi-groups,  both  hemialbumose  and  hemipeptone  are  formed, 
and  the  latter  is  still  further  decomposed,  with  the  formation  of 
various  amide  bodies,  of  which  leitcin  and  tyrosin  are  the  most 
conspicuous.  The  decomposition  is  represented  by  Kuhne  as 
follows: — 

Albamin 

Antialbmnid  Heuualbnmoso 


Hemipeptone  Hemipeptone 

Amides  (leacin  tbc)    Amides  (leacin  Ao.) 

The  idea  which  KUhne  has  propounded  that  the  proteid 
molecule  is  a  double  one  and  may  be  separated  into  an  anti- 
and  a  hemi-moiety,  each  of  the  latter  then  undergoing  further 
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and  different  decompositions,  is  supported  by  the  observations 
of  Schiitzenbcrger  on  the  action  of  boiling  mineral  acids  on 
proteids.  As  a  result  of  his  experiments  he  comes  to  the  con- 
clusion that  only  half  the  proteid  molecule  is  easily  decomposed 
by  the  acid,  the  other  remaining  in  a  somewhat  modified 
condition,  but  yet  coinprativoly  unaltered.  This  moiety 
Schiltzenberger  called  hemiprotein ;  it  is  the  same  body  us 
Kiihne's  nntialbumid. 

There  has  been  a  good  deal  of  controversy  about  the  nature 
of  the  decompositions  effected  by  the  proteolytic  enzymes.  As 
we  shall  see  later  there  are  two  groups  of  these  bodies,  tho 
types  of  which  are  respectively  the  pepsiu  of  the  gastric  secretion 
of  mammals  and  the  tr^'psin  of  the  pancreas,  £ach  possesses 
well  marked  peculiarities;  while  they  resemble  each  other  in 
the  general  features  of  their  action,  they  differ  in  the  extent 
to  which  they  cariy  the  decomposition  of  the  primary  pro- 
teid. 

Neglecting  for  the  present  the  earlier  researches  upon  these 
enzymes,  tho  tirst  investigations  which  call  for  discussion  are 
thoee  of  Meissnor  and  his  pupils,  carried  out  during  the  years 
1859 — 62.  While  Meissner  recognised  the  power  of  an  extract 
or  infusion  of  the  pancreas  to  split  up  proteids,  he  carried  out 
his  work  chiefly  with  pci^in  in  the  presence  of  a  small  per- 
centage of  hydrochloric  acid.  He  digested  various  primary 
protcids  with  those  reagents  for  varj'ing  times  at  the  tempera- 
ture of  the  body,  about  38"  C,  and  examined  the  various 
prodncts  of  the  several  decompositions,  On  neutralising  the 
mixture  a  precipitate  settled  out  just  before  the  neutral  point 
was  reached,  which  possessetl  proi^rtics  resembling  those  of  the 
body  already  described  as  having  been  found  later  by  KUhne 
and  named  by  him  autialbumate  as  already  mentioned.  Meiss- 
ner called  this  body  parapeptotw.  After  its  removal  by  filtration, 
the  addition  of  a  trace  of  acid  sometimes  yielded  a  small  amount 
of  another  precipitate,  to  which  he  gave  the  name  metapeptone. 
When  casein  was  the  proteid  under  examination,  a  small  quantity 
of  a  different  proteid  was  formed,  which  he  avlled  dyspepUme, 
The  liquid  of  the  digestion,  after  being  freed  from  these  bodies, 
contained   three   other  protcids  which    he   considered  to  be 
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varieties  of  peptone  and  which  he  accordingly  named  a,  b,  and 
c  peptones. 

The  reactions  of  these  bodies  are  described  as  under : — 

(1)  Parapeptone.      Soluble    in   dilate    acids    or   alkalis ; 

solution  not  coagulated  on  boiling.  Precipitated 
on  neutralisation.  Incapable  of  being  converted 
into  peptone  by  pepsin,  but  digestible  by  an  extract 
of  the  pancreas. 

(2)  Metapeptone.     Insoluble  in  very  dilute  acids  ('05  to  *1 

per  cent.),  soluble  in  '2  per  cent. 

(3)  Dyspeptone.   Insoluble  in  dilute  acids ;  soluble  in  dilute 

alkalis. 

(4)  a-peptone.     Soluble  in  acid,  alkaline  or  neutral  liquids, 

not  coagulated  on  boiling;  precipitated  by  strong 
nitric  acid,  and  by  potassic  ferrocyanide  in  presence 
of  dilute  acetic  acid. 

(5)  6-peptone.    Much   like  (4)  but  not  precipitated  by 

strong  nitric  acid.  Precipitated  by  potassic  ferro- 
cyanide in  presence  of  an  excess  of  strong  acetic  acid. 

(6)  c-peptone.     Like  (4)  and  (5)  but  not  precipitated  by 

either  strong  nitric  acid  or  potassic  ferrocyanide  in 
the  presence  of  any  proportion  of  acetic  acid. 

Meissner's  contemporaiy  opponents  failed  to  confirm  his 
results  except  with  regard  to  the  occurrence  of  his  parapeptone 
and  c-peptone.  Meissner  claimed  that  all  the  bodies  he  described 
were  due  to  the  specific  action  of  the  pepsin  upon  the  primary 
proteids.  The  view  which  came  to  be  generally  accepted,  largely 
owing  t«  the  influence  of  Briicke,  was  that  the  two  bodies 
mentioned  were  the  sole  products  of  a  peptic  digestion ;  that 
the  former,  parapeptone,  resulted  rather  from  the  action  of  the 
acid  used ;  and  that  the  pepein  was  capable  of  transforming  it 
into  peptone  at  a  subsequent  stage  of  the  digestion. 

Later  work  however  has  shown  that  Meissner's  results  come 
nearer  the  truth  than  his  opponents  would  admit. 

The  subject  was  again  taken  up  several  years  later  by 
Kuhne  and  his  school,  who  investigated  with  great  care  and 
thoroughness  the  decompositioD  of  a  primanr  pivit«id  br  both 
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pepsin  and  trypsin,  the  former  being  as  wc  have  seen  essentially 
an  acid  digesti<»n,  the  latter  in  the  anitnnt  body  being  equally 
certainly  an  nlknliuc  one.  Kiihne  found  that  in  the  early 
stages  of  both  a  proteid  was  produced  which  was  precipitated 
on  neutralisation  of  the  digesting  fluid,  falling  just  before  the 
neutral  point  was  reached.  He  fouud  further  that  the  final 
products  differed  when  trj'psin  was  employed  instead  of  pepsin, 
the  amides  leucin  and  tyrosin  appeanug  only  iu  the  former  case. 
However  long  the  digestion  was  continued  the  conversion  of 
the  proteid  into  amide  bodies  wns  never  complete,  the  final 
products  being  a  mixture  of  these  with  peptone  and  with  hemi- 
albumose,  the  same  substances  as  he  obtained  under  the  influence 
of  acids.  The  final  product  of  a  peptic  digestion  was  similar 
except  that  no  amides  were  produced. 

Kiihne  was  led  to  the  view  that  the  decomposition  of  proteid 
is  essentially  a  process  of  hydrolysis,  comparable  with  that  of  the 
splitting  up  of  cane-sugar  under  the  influence  of  invertase,  and 
as  the  latter  decomposition  yields  two  different  but  similar 
sugars,  so  he  suggested  that  the  hydrolysis  of  proboids  leads  to 
the  formation  of  two  forms  of  peptone  which  show  certain 
differences  from  each  other.  This  idea  was  supported  by  the 
constant  presence  of  some  peptone  side  by  side  ^^ith  the  amides 
resulting  from  a  long-continued  tryptic  digestion.  Ktihne  held 
that  the  amides  were  derived  from  the  decomposition  of  one 
moiety  of  the  peptone  formed,  and  that  the  other  moiety  was 
incapable  of  such  a  splitting  up  and  hence  was  present  un- 
change<l  however  long  the  digestion  lasted. 

Taking  a  quantity  of  the  peptone  formed  during  a  peptic 
digestion  and  submitting  it  to  the  action  of  trj'psin  Kiihne 
found  his  views  confinned  by  the  impossibility  of  converting  the 
whole  of  it  into  amides. 

He  ascertained  that  the  hemialbumose  which  was  present 
in  both  digestions  was  capable  of  being  transformed  by  pepsin, 
rtially  at  least,  into  a  peptone  which  could  be  further 
averted  by  trypsin  into  leucin  and  tyrosin,  while  the  neutra- 
lisation product  of  the  earlier  stages  of  the  digestion  yielded  a 
peptone  which  was  not  capable  of  such  further  decomiwsition. 
Thus  he  was  led  to  fonnulate  the  decomposition  of  proteid  by 
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the  two  enzymes  severally  as  under ;  the  saccessive  stages  being 
in  each  case  hydroly tic : — 

Albmnin 

AntialDomoM  HemiMbiUDOBe 

I  I 


Antipeptone  Antipeptone  Hemipeptone  Hemipeptone 

Trypsin. 

Antulbtunoee  Hemuubamose 


Antipeptone  Antipeptone  Henup^tone  Hemipeptone 

Ami^  (leaoin  &c)        Amidea        Amides        Amides 

The  result  of  either  peptic  or  tryptic  digestion  is  thus  to 
split  the  primary  proteid  into  two  residues,  each  of  which  gives 
rise  on  further  decomposition  to  a  group  of  compounds.  The 
first  or  anti^esidue  is  not  capable  of  so  profound  a  splitting  up 
as  the  second  and  never  gives  rise  under  natural  conditions  to 
a  simpler  body  than  a  peptone;  the  other  or  kemi-residue 
behaves  differently  with  pepsin  and  with  trypsin,  the  former 
only  converting  it  into  peptone,  the  latter  decomposing  the 
peptone  into  leucin,  tyrosin,  and  other  amides. 

The  reactions  of  these  products  of  the  cleavage  of  a  primary 
proteid  may  be  briefly  described  as  under : 

Antialbumose.  Soluble  in  faintly  acid  or  alkaline  fluids  but 
insoluble  in  neutral  ones.  Not  coagulated  on  boiling. 
Capable  of  being  converted  into  peptone  by  either  pepsin 
or  trypsin,  the  peptone  being  aotipeptone. 
Hemialbumose.  Soluble  in  neutral,  acid,  or  alkaline  fluids. 
Not  coagulated  on  boiling.  Precipitated  by  a  small 
quantity  of  nitric  acid,  by  potassic  ferrocyanide  in 
presence  of  a  trace  of  acetic  acid,  or  by  a  few  drops  of  a 
saturated  solution  of  sodic  chloride  in  presence  of  strong 
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acetic  acid,  the  precipitate  in  each  case  disappearing  on 
warming  the  liquici  and  reappearing  as  it  cools. 
Antipcptoue.     Soluble  iu  neutral,  aikuliue,  ur  acid  solutions 
which  are  not  coagulated  on  boiling.    Kot  precipitated 
by  mineral  acids  nor  by  acetic  acid  and  potassio  forro- 
cyauide.     Incjipable   of  decomposition    into   aniiiiea  by 
trypsin. 
Hemipeptone.     Differing   from    antipcptone  only  in  being 
capable  of  conversion  into  leucin,  tyrosin  &c.  by  trj'psin. 
Both  peptones  can  be  separated   from  the   albumoses   by 
saturation   of  a  boiling    solution  with    ammonium    Hulphate. 
which  precipitates  all  the  latter. 

A  mixture  of  these  two  peptones,  such  as  is  present  in  a 
peptic  digestion,  is  spoken  of  as  ampkopeptone. 

This  Bcboniu  of  hydrolysis  though  in  its  general  lines  accepted 
to  the  present  time  is  not  quite  complete.  B'urther  research 
has  shown  that  it  needs  modiiication  in  some  important  par- 
ticulars, the  albifmoflcs  mentioned  not  being  such  definite  bodies 
OS  Kiihne  supposed.  If  antialbumosc  is  prepared  and  subjected 
to  the  influence  of  either  pepsin  or  trypsin  a  peculiar  insoluble 
residue  always  appears  during  the  digestion,  which  gives  the 
same  reactions  as  the  antialbumid  resulting  from  the  action  of 
acids.  The  greater  part  of  it  can  be  converted  with  some  diffi- 
culty into  antipeptone  by  trypsin  but  not  by  pepsin.  The  hemi- 
albumuse  has  also  been  shown  to  be  a  mixture  of  .several 
bodies  which  are  formed  successively  rather  than  simultaneou-nly. 
The  researches  of  Kuhne  however  mark  a  very  distinct  advance 
iu  our  knowledge  of  proteolysis,  though  the  changes  are 
more  gradual  than  his  theorj'  suggests,  as  it  was  first  pro- 
pounded. 

It  will  be  interesting  hen?!  to  coni|Viri'  the  bodies  recognised 
by  Kuhne  with  those  described  15  years  earlier  by  Meissner. 
When  we  consider  their  reactions  we  see  that  the  latter's  para- 
peptone  resembles  antialbnmose  in  every  respect  except  that 
Meissner  describes  hLs  body  as  incapable  of  peptonisation  by 
pepsin.  Dyspeptonti  is  probably  identical  with  antialbumid, 
though  Meissner's  body  was  most  likely  mixed  with  nucieins. 
Hemialbumoee  agrees  ver\'  closely  with  Meissner's  ci-peptone. 
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though  the  reactions  of  the  latter  have  not  been  very  fully 
described.  The  c-peptone  of  Meissner  was  what  is  now  called 
amphopeptone,  a  mixture  of  the  two  peptones  of  Kiihne's 
scheme. 

Further  resetirches  on  the  hemialbumose  carried  out  by 
Kiihne  and  Chittenden  have  shown  that  it  is  not  a  definite  body, 
but  a  mixture  of  four  closely  allied  but  distinct  albumoses.  The 
name  albumose  is  being  abandoned  in  favour  of  proteose  for  the 
members  of  the  group,  the  latter  term  indicating  that  they  are 
the  results  of  decom|)OBition  of  pnranr)*  protei<l  matter  in  general 
and  not  of  albumin  especially.  The  proportions  of  the  different 
constituents  in  any  given  amount  of  hemialbumose  vai^'  acconl- 
ing  to  the  conditions  of  preparation  of  the  latter.  The  fonr 
characteristic  proteoses  are  the  following : — 

(1)  Proto-proteose.     Soluble  in  hot  or  cold  water  and  dilute 

ueutral  saline  solutions  ^  precipitated  by  saturation 
of  the  solution  with  sodium  chloride  or  magnesium 
sulphate. 

(2)  Hetero-proteose.      Insoluble   in   water  and   therefore 

precipitable  by  separating  the  salt  from  its  solu- 
tions by  dialysis.  Soluble  in  solutions  of  sodium 
chloride  and  precipitated  from  these  on  addition  of 
the  salt  to  the  point  of  saturation. 

(3)  Oeutcro-proteose.     Soluble  in  water;  not  precipitated 

by  saturation  with  sodium  chloride  unless  an  acid 
is  added  at  the  same  time.  Precipitated  by  satura- 
tion of  its  solution  with  ammonium  sulphate.  This 
body  approaches  the  peptones  most  nearly. 

(4)  Dys-proteose.    This  is  very  much  like  hetero-proteose, 

from  which  it  differs  only  iu  being  insoluble  in  salt 
solutions.     It   is   probably   produced    from  hetero- 
proteose  by  a  species  of  coagulation. 
All  the  proteoses  can  be  separated  from  peptone  by  saturat- 
ing a  solution  containing  them  with  ammonium  sulphate,  or, 
according  to  Biimer,  with  zinc  sulphate.     The  saturation  must 
be  ver}' complete  and  the  liquid  must  be  made  successively  neutral, 
acid,  and  alkaline.     Saturation  throws  down  the  proteoses. 
A  modification  of  Kiihne's  scheme  of  hydrolysis  ha«  been 
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advanced  by  Neaineustcr.  According  to  him  the  proteoses  do 
not  all  come  from  the  hcmi-residue  of  the  early  hydrolysis,  but 
some  of  them  ai-e  derived  from  the  aoti-group.  Ou  this  theory 
albumin  may  be  considci-ed  to  be  composed  of  hemi-albumin 
and  auti-albuniiu.  The  Hrst  stage  of  the  decompr>sitiun  is 
the  Hplitting  of  hemi-albumin  into  proto- proteose  and  hetero- 
{HDtcosei  while  the  anti<albumiii  give8  rise  to  acid-albumin 
and  hetero-proteose.  The  next  step  is  the  conversion  of  the 
proto-proteose  and  both  hetero-proteoses  into  deutero-protoose, 
and  the  final  stage  is  the  production  of  auti-  and  hemi-peptones 
from  the  merabere  of  the  separate  groups. 

Xeumeister  .says  that  in  tlie  hydrolysis  brought  about  by 
trypsin  proto-  and  hetero-proteose  are  not  formed,  but  that 
several  deutcro-proteosos  appear  as  the  first  stage  of  the  action. 

Duriug  the  past  decade  vory  careful  fuid  detailed  investiga- 
tions of  the  transformation  of  proteids  under  the  influence  of 
pepsin  and  hydrochloric  acid  have  been  earned  out  by  Chittenden 
and  his  pupils,  which  point  to  the  process  of  hy<lrolysifl  being 
even  more  gradual  than  this.  Some  experiments  upon  the 
digestion  of  the  cr^'stallized  globulin  or  vitellin  prepared  from 
hemp  seeds  show  that  if  the  digestion  is  carried  out  for  different 
periods,  varieties  of  proto-vitellose  can  be  detected,  which  are 
exactly  alike  in  their  chemical  reactions,  but  which  ditfcr  in 
their  percentuge  comjwsition  and  perhaps  in  their  specific 
rotatory  power.  The  deutero-vitellose  obtainetl  under  the 
varied  conditions  also  showed  difierences  in  its  percentage  com- 
position. In  the  early  stages  of  all  the  digestions  Chittenden 
noted  the  formation  of  a  body  resembling  Klihne's  anti- 
albuuiose  and  having  the  reactions  of  au  acid-albumiu;  this 
gradually  disappeared,  leaving  an  indigestible  residue  of  anti- 
albumid.  On  filtering  this  09*  the  liquid  coutaiued  only 
proteoses  and  peptones.  He  states  emphatically  that  he  finds 
no  evidence  of  the  production  of  peptone  directly  from  the 
acid-albumin  but  only  from  the  proteiwes. 

Pepsin-proteolysis  thus  leads  to  the  fonnation  of  a  series  of 
products  by  hydration  and  cleavage,  of  which  four  are  well 
defined,  viz.  proto-proteose,  hetero-proteose,  deuteixi-proteose,  and 
amphopeptone.    The  proteases  may  each  represent  n  group  of 
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closely  allied  bodies,  so  closely  related  as  not  to  be  distinguish- 
able by  chemical  teats,  and  the  exact  composition  of  each  group 
may  depend  upon  the  length  and  intensity  of  the  proteolytic 
process. 

These  proteoses  represent  definite  stages  in  the  progress  of 
the  hydrolyais;  the  profco-  and  hetero-bodiea  yielding  deutero- 
proteofcc  and  the  latter  becoming  converted  into  peptone.  This 
conversion  is  not  however  complete,  the  amount  of  proteoses 
and  peptones  existing  together  at  the  conclusion  of  a  digestion 
varying  considerably.  In  a  prolonged  digestion  of  vitellin,  of 
10  days'  duration,  there  was  found  to  be  present  23  per  cent, 
of  proteoses  and  77  per  cent,  of  peptone.  In  another  experiment 
carried  out  on  egg-albumin,  after  17  days'  action  the  proteoses 
amounted  to  44  per  cent,  and  the  peptone  to  64  per  cent. 
The  diflSculty  yf  the  final  conversion  is  not  dependent  on 
an  inhibitory  influence  on  the  action  of  tho  enzyme  caused  by 
the  presence  of  the  products  of  the  transformation  as  in  the 
case  of  the  hydrolysis  of  starch  into  maltose,  for  the  same 
results  were  found  in  tho  case  of  digestions  carried  out  in 
dialysing  tnbes,  which  permitted  the  escape  of  the  products 
after  their  formation. 

A  comparison  of  proteolysis  with  the  hydrolysis  of  starch 
shows  a  siiniluril}'  m  another  respect.  The  final  product  is  one 
which  is  capable  of  passing  by  dialysis  through  a  moist  mem- 
brane  such  as  vegetable  piirvhinciit.  Sugar  is  completely 
dialysable,  staich  not  at  all.  The  primary  proteids  such  as 
albumin  and  globulin  are  also  incapable  of  dialysis — peptone  on 
the  (tther  hand  can  pass  through  a  membrane  with  considerable 
facility.  The  proteoses,  seen  to  be  intennediatu  between  the  two, 
show  also  an  intermediate  power  of  dialysis.  Hetero-proteose 
is  very  feeble  in  this  respect,  deutero-proteose  coraes  next,  and 
proto-proteose  next,  the  two  not  showing  much  difference,  and 
all  being  much  inferior  to  peptone.  Ktibne  represents  the 
relative  powers  of  dialysis  as  5*22  for  hetero-proteoso,  24*1  foi 
(leutero-proteose,  28*3  for  proto-proteose  and  51  for  peptone. 

According  to  Gillespie  tho  comparative  rates  of  dialysis  of 
proto*u1bumose,  deubero-albumotte,  and  peptone  prepared  from 
egg-albumin  are  2"5,  5*4  and  238. 
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The  probability  that  the  pi-occsa  of  decomposition  of  proteids 
by  both  acids  and  enzymes  is  one  of  hydrolysis  is  not  only  sup- 
ported by  analogy  with  the  action  of  uther  enzymes  and  by  the 
general  course  of  the  action  bo  far  as  it  can  be  traced  without 
actual  knowledge  of  the  molecular  constitution  of  proleid  matter, 
but  also  by  comparison  of  the  jrercontage  compositions  of  the 
variouB  products  of  the  decomposition  prepared  as  pure  as 
possible  with  our  present  methods.  The  proportion  of  carbon 
becomes  gmdimlly  less  as  we  pass  from  albumin  towards  pep- 
tone, which  corresponds  to  such  au  increase  in  the  amount  of 
hydrogen  as  would  result  from  the  incorporation  of  water  into 
the  molecule.  Too  much  stress  must  not  however  be  laid  upon 
this,  for  our  criteria  of  purity  in  the  case  of  any  proteid  are  not 
exact,  and  with  such  a  large  molecule  as  proteids  must  possess 
there  is  room  for  considerable  error  in  such  a  computation. 

The  decomposition  of  proteid  has  still  more  recently  been 
accompliBhed  by  submitting  it  to  the  prolonged  action  of  water 
heated  tmdcr  pressure  to  temperatures  considerably  above 
100' C.  Under  such  conditions  Xeumeister  has  effected  the 
splitting  up  of  fibrin  by  water  at  160°  C,  with  the  formation  of 
other  proteids,  which  he  calls  respectively  atmtd-albitmin  and 
uttnid-albumose,  there  being  at  the  same  time  a  formation  of 
peptone,  and  the  evolution  of  a  quantity  of  sulphuretted 
hydrogen,  ammonium  sulphide  also  being  distinguishable  in 
the  solution.  Both  the  new  proteid  bodies  show  resemblances 
to  others  of  the  groups  resulting  from  the  action  of  enzymes 
and  both  can  be  transformed  ijito  deutero-albumosc  by  treat- 
ment with  sulphuric  acid.  Chittenden  and  Meora  similarly 
fouml  that  egg-albumiu  could  be  decomposed  by  heating  it 
with  water  in  sealefl  tubes  to  150° — 160°  for  several  hours. 
Their  resulting  products  wei-e  chiefly  "atmid"  IxKlies  corre- 
sponding to  those  which  Neumeister  obtained  from  fibrin,  but 
they  distinguish  two  forms  of  atmid-albumose.  They  also 
detected  the  formation  of  peptone,  leucin  and  t)Tosin,  while 
on  opening  the  tubes  the  evolution  of  sulphuretted  hydrogen 
and  other  disagreeable  gases  could  be  noticed. 

The  action  of  water  at  such  pressures  and  tompemturcs  as 
were  employed  is  eminently  hydrolytic.    The  similarity  of  the 
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prodncts  obtained  to  those  jielded  on  zj'niolysis  greatly  supports 
the  view  that  the  latter  also  is  a  hydrolytic  pn>ccsa. 

This  view  is  further  supported  by  the  fact  that  it  is 
possible  by  the  action  of  dehydrating  agents  to  convert  peptone 
intoa  body  reaetnbling  ac  id-album  in,  which  we  have  seen  to  be  an 
intermediate  product  formed  during  the  conversion  of  albumin 
or  globulin  into  peptone.  If  10  parts  of  dry  peptone  are  mixed 
with  twice  their  weight  of  acetic  anhydride  and  the  mixture 
heated  for  a  long  time  to  80"  C,  and  finally  the  cxces.s  of  acetic 
anhydride  distilled  r^ft'  and  the  residue  dialyaed,  it  is  found  to 
be  changed  into  a  proteid  that  is  not  diffusible,  is  soluble  in 
dilute  filkali.  is  precipitate*!  by  acetic  acid  and  potasaic  ferro- 
cyanide,  and  by  many  metallic  salts,  as  oniinary  proteids  are. 
According  to  Hofmeistcr  a  similar  effect  may  be  produced  by 
beating  peptone  for  a  long  time  to  140"  C.  The  resulting 
brown  mass  contains  a  part  soluble  in  water  and  another 
not  80,  which  react  after  the  manner  of  a  globulin  and  a 
derived  albumin  respectively. 

Other  views  of  the  relationship  between  ordinary  proteids 
and  peptone  have  been  advanced,  some  observers  believing  that 
peptones  are  polymers  and  others  that  they  are  isomers  of  primaiy 
proteids.  Adamkiewicz  suggests  that  they  differ  in  the  re- 
moval of  salts  and  a  rearrangement  of  the  molecule.  SchUtzen- 
berger  suggested  that  peptone  is  a  mixture,  which,  by  treat- 
ment with  phosphotungstic  acid,  can  be  separated  into  two 
parts,  one  containing  a  little  more  oxygen  than  the  other,  and 
both  being  ureide  bodies.  Fibrin  on  the  other  hand  he  held 
to  be  a  kind  of  conipound  ether,  which  is  saponifitd  by  the  en- 
zyme, and  on  taking  up  water  splits  into  the  two  bodies  found. 
The  trans fonnation  is  thus  one  of  hydraliou,  being  the  result  of 
the  decomposition  of  an  ether  by  saponification. 


CHAPTER  XIL 


PROTEOLYTIC   ENZYMES  (continued). 


We  have  seen  in  the  preceding  chapter  that  the  enzymes 
which  caQ  effect  the  decomposition  of  primary  prot«ids,  such  as 
aibumin,  fibrin,  etc.  fall  into  two  categories,  repre.sented  by  the 
pepsin  of  the  gastric  secretion  and  the  trypsin  of  the  pancreas. 
They  are  alike  in  their  power  of  splitting  up  the  proteid 
molecule,  probably  inducing  hydrolj*sis  or  decomposition  after 
incorporation  of  cue  or  moi-e  molecules  of  water.  The  first 
products  of  the  cleavage  of  the  primary  proteid  are  probably 
the  same  in  both  cases,  identical  i^r  at  any  ratc^  corresponding 
secondary  products  being  formed.  The  two  fenneuts  differ  how- 
ever in  the  extent  to  which  the  decomposition  is  carried  out 
by  them,  the  peptic  enzyme  never  taking  it  beyond  a  point 
at  which  the  final  pitxluct  is  still  undoubtedly  a  proteid,  %.e. 
peptone ;  the  tryptic  ferment  splits  this  up  still  further,  with 
the  formation  of  amide  bodies  such  as  leucin,  tyrosin,  asparagin, 
and  others.  That  these  amides  are  products  of  the  decomposition 
of  proteid  is  shown  further  by  the  fact  that  in  vegetable  meta- 
bolism, they,  or  some  of  them,  have  been  shown  to  be  antecedents 
of  proteid  or  to  take  part  in  its  construction,  disappearing  from 
the  cells  as  proteid  is  formed.  The  tr^-ptic  enzymes  are  accord- 
ingly to  bo  regarded  as  much  the  more  energetic.  They  are 
found  to  be  of  much  wider  distribution  both  in  animals  and 
plants,  so  much  so  that  when  only  one  proteolytic  enzyme  is 
present  in  an  organism  it  is  almost  invariably  a  tryptic  one. 
In  the  metabolic  processes  concerned  in  nutrition  it  seems 
necessary,  or   at    any  rate    advantageous,    that    the    proteid 
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molecule  should  be  broken  up  so  far  as  to  produce  very  much 
simpler  bodies  thau  itself,  such  indeed  aa  may  be  compared 
in  complexity  with  such  carbohydrates  as  the  sugars. 


Pepsiti. 


This  enzyme  can  be  most  conveniently'  obtained  £rom 
stomach  of  the  dog  or  pig  by  nimoving  the  raucous  membrane 
from  the  uuderlying  muscular  coats,  and  after  finely  mincing  it 
allowing  it  to  macerate  in  a  solution  of  hydrochloric  acid  of 
about  "2  per  cent,  concentration.  During  the  maceration  most 
of  the  mcrabmne  undergoes  digestion.  After  a  time  the  liquid 
can  be  filtered  from  the  undigested  <lebris,  when  it  will  be  found 
to  be  strongly  proteolytic.  Or  the  membrane  may  be  extracted 
with  glycerine,  which  has  the  advantage  of  not  dissolving  the 
proteids  to  ajiything  like  the  same  extent  as  the  hydrochloric 
acid  solution.  Aa  the  maceration  in  glycerine  can  be  conducted 
in  the  absence  of  the  acid,  digestion  of  the  membrane  takes 
place  to  only  a  very  slight  extent,  so  that  the  glycerine  extract 
is  much  purer  than  the  acid  one.  Neither  method  however 
yields  the  pepsin  free  from  proteids.  Pekelharing  says  that 
such  an  artificial  gastric  juice  can  be  purified  by  dialysisj  though 
theni  is  a  considerable  loss  in  the  process. 

The  pepsin  of  commerce  Is  a  very  crude  product:  it  is  gene- 
rally preparefl  acconling  to  a  method  first  used  by  Schefier, 
which  consists  of  saturating  with  a  neutral  salt  an  acid  extract 
of  the  mucous  membrane  of  the  stomach  of  the  pig.  As  we 
have  seen,  this  treatment  separates  from  the  liquid  the  proteoses 
of  digestion ;  the  pepsin  adheres  to  them  and  can  so  be  with- 
drawn in  large  part  from  the  extract.  The  sticky  precipitate 
is  removed  and  dried  at  a  low  temperature,  forming  a  pale 
yellow  or  buflf-culoured  powder. 

The  enzyme  can  however  be  prepared  from  the  stomach  in 
a  relatively  pure  condition  by  taking  advantage  of  a  property 
it  possesses  of  adhering  to  any  inert  precipitate  formed  in  the 
liquid  in  which  it  is  dissulved.  The  metliod  which  first  yielded 
it  in  anything  like  a  pure  state  was  adopted  by  Brticke  in  1861. 
He  extracted  the  minced   gastric   mucous  membrane  with  a 
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coDsiderable  quantity  of  water  containing  5  per  cent  of  phosphoric 
acid,  and  after  straining  off  the  debris  filtered  his  extract  and 
added  lime  water  almost  to  the  point  of  neutralisation.  A 
heavy  precipitate  of  calcic  phosphate  wa«  thus  obtained  in  the 
extract  and  the  pepsin  wa8  almost  entirely  carried  down  with 
it,  mixed  however  with  a  certain  amount  of  protcid  matter. 
The  precipitate  was  next  dissolved  carefully  in  dilute;  hydro- 
chloric acid,  avoiding  great  excels,  and  again  thrown  down  by 
addition  of  lime  water.  A  certain  portion  of  the  contaminating 
proteid  escaped  precipitation,  so  that  the  pepsin  clinging  to 
the  lime  salt  was  much  purer  than  before.  It  was  again 
diaeolvcd  in  dilute  hydrochloric  acid,  and  a  solution  of  chole- 
Sterin  in  a  mixture  of  four  parts  of  alcohol  and  one  part  of 
ether  was  poured  through  a  thistle  funnel  to  the  bottom  of  the 
vessel  containing  the  pepsin.  Cho!est«rin  is  insoluble  iu  water, 
and  therefore  an  the  light  liquid  containing  it  roHe  towards 
the  surface,  it  separated  ont  as  a  very  fine  precipitate.  The 
separation  waa  facilitated  by  shaking  the  flask  in  wliich  the 
operation  was  conducted.  The  pepsin  adhered  as  before  to  the 
inert  precipitate,  which  was  removed  by  filtration  and  washed 
with  very  dilute  acetic  acid  and  subsequently  suspended  in  a 
little  water.  The  moist  mass  was  then  agitated  with  ether, 
which  dis.solvcd  the  cholesterin  and  left  the  jiepsin  in  solution 
in  the  water.  The  latter  was  removed  by  moans  of  a  separating 
funnel.  It  was  neces.sary  to  repeat  the  extraction  by  ether 
several  times  to  ensure  the  removal  of  the  whole  of  the  chole- 
stenn.  The  separation  of  the  ether  fix)m  the  watery  extract  was 
completed  by  exposure  to  the  air  and  the  extract  filtered  and 
further  purified  by  dialysis. 

A  modification  of  this  process  has  been  adopted  by  Maly. 
who  instead  of  using  the  method  of  separating  the  pepsin 
by  cholesterin.  dialysed  the  hydrochloric  acid  solution  till  it 
was  free  from  chlorides  and  phosphates.  By  this  means  he  got 
rid  of  nearly  all  the  admixed  substances. 

The  methods  adopted  by  von  Wittich,  Wurtz,  and  Loew, 
described  in  connection  with  the  preparation  of  liiastase,  are 
also  applicable  to  the  extraction  of  pepsin.  Loew's  lead  method 
was  formerly  used  in  the  preparation  of  the  pepsin  of  commerce 
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bub  wa8  abauduaed  because  it  was  fuund  very  <iiffictilt  to  remove 
the  last  traces  of  lead,  and  a  great  proportion  of  the  pepsin  was 
destroyed  in  the  process  of  manufacture  on  the  large  scale. 

Pekelharing  adopted  the  plan  of  dialysing  artiHcial  gastric 
juice  into  distilled  water  till  the  acid  and  salts  had  disappeared. 
The  pepsin  was  thus  precipitated  upon  thediaJysor.  Collecting 
it  and  diisaolving  it  nguin  in  dilute  hydi-ochloric  acid  a  purer 
product  was  obtained,  much  insoluble  prnteid  being  left  behind. 
Further  puriticatiou  was  secured  by  repeating  the  operation 
Boverai  timea  Ultimately  Pekelharing  obtained  a  product 
snfHciently  pure  to  undergo  analysis.  He  found  that  it  gave 
prt>teid  reactions  and  contained  phosphorus,  the  latter  com- 
prising leas  than  1   per  cent,  of  the  whole. 

The  cliief  seat  of  the  formation  of  pepsin  is  the  stomach  of 
the  Vertebrata.  in  the  mucous  membrane  of  which  numeri>us 
closely-packed  glands  occur  which  seci^ete  it  in  abundance.  The 
whole  of  the  mucous  membrane  is  furnished  with  these  glands, 
but  its  different  regions  do  not  supply  equally  active  gastric 
juice.  Moat  of  the  pepsin  is  yielded  by  the  glands  which  are 
situated  at  the  cardiac  end.  As  the  pylorus  is  approached 
by  way  of  the  greater  curvature  the  glands  produce  pepsin  in 
rapidly  decreasing  amount,  and  those  in  the  pyloric  region  itself 
secrete  it  in  very  Huudl  quantity. 

Pepsin  is  associated  in  the  gastric  secretion  with  another 
enzyme  which  curdles  milk. 

In  some  of  the  lower  vertebrates  the  formation  of  pepsin  is 
not  confined  to  the  glands  of  the  stomach  but  is  produced 
also  by  similar  sti-uctures  at  the  lower  end  of  the  a*sophagu8. 
A  curious  distribution  of  the  enzyme  has  been  described  by 
Miss  Alcock  as  occ\irriu^  iu  the  larva  of  Peiromxfzon.  In  this 
animal  the  alimentary  canal  consists  of  three  regions,  a  pharynx, 
an  anterior  intestine,  and  an  intestine  proper.  The  most  active 
preparation  of  the  ferment  that  is  yielded  by  the  walls  of  the 
alimentary  canal  is  derived  from  the  pharynx,  while  those  of  the 
intestine  contain  little,  if  any,  when  cleansed  from  the  secretion 
of  the  so-called  liver,  which  ts  poured  into  that  portion  of  the 
tube.  The  glandular  structures  of  the  wall  correspond  in  their 
distribution  to  this  variation  of  enzymic  power.    The  chief  seat 
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of  foruiation  of  the  ferment  ia  however  the  so-called  liver, 
Livhose  secretion  ia  discharged  during  life  into  the  intestine. 
liss  Alcock  found  that  the  akin  uf  the  larva  also  secretes  the 
enzyme,  the  superficial  layer  of  celts  being  the  active  ones. 

The  statement  is  made  both  by  this  author  and  by  Krnken- 
bcrg  that  the  enzyme  of  the  liver  is  pepsin.  The  evidence 
on  which  the  staiement  is  based  ia  meagre,  and  room  is  lefi.  for 
doubt  whether  it  is  not  tr}'psiu,  as  is  the  case  with  the  so-called 
liver  of  many  invertebrates.  Levy  says,  however,  that  this 
organ  in  Helix  pomatia  secretes  pepsin,  and  Biturtjuelut  claims 
to  have  proved  the  presence  of  pepsin  in  the  liver  of  various 
Cephalopoda,  in  which  however  it  is  associated  with  trypsin. 

Rrukunberg  found  a  proteolytic  enzyme  in  the  eggs  of  the 
fowl,  which  is  active  in  the  presence  of  1  per  cent,  of  hydro- 
chloric acid. 

It  is  very  doubtful  whether  a  peptic  ferment  exists  in  the 
[Vegetable  organism,  most  of  the  enzymes  which  have  been  in- 
vestigated proving  to  be  tryptic.  The  most  notable  case  which 
^ifi  still  uncertain  is  that  of  the  secretion  of  Drosera,  one  of  the 

ctivorous  plants.  Darwin,  who  firet  pointed  out  the  existence 
of  the  enzyme,  cla-sses  it  strictly  with  the  enzyme  of  the  mam- 
malian gastric  juice,  but  as  he  did  not  examine  in  detail  the 
products  of  its  action,  the  matter  cannot  be  regarded  as  defi- 
nitely settled.  A  description  of  the  enzyme  o(  Drosera  will  be 
found  in  a  subseijucut  .section. 

Besides  occurring  in  the  gastric  secretion,  pepsin  has  been 
found  in  the  blocxl,  muacleK,  and  urine  of  the  higher  animals. 
Blany  physiologists  consider  that  this  is  not  normal  pepsin,  and 
that  its  occurrence  there  indicates  the  way  in  which  so  much  of 
the  enzyme  as  has  been  made  use  of  is  removed  from  the  body. 
Bcchnmp  on  the  other  hand  suggests  that  the  pepsin  in  the 
blood,  which  can  be  extracted  from  Hbrin,  is  formed  by  the 
leucocyt<^,  and  secreted  by  them  into  the  blood-stream.  This 
view  has  also  been  upheld  by  Leber,  who  claims  for  the  leucocytes 
the  property  of  softening  and  dissolving  proteid  matter  in  the 
tissues  by  the  secretion  of  an  enzyme.  This  view  can  however 
hardly  be  considered  to  be  proved. 

Pepsin  exhibits  a  peculiarity  in  the  conditions  of  its  working 
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by  virtue  of  which  it  stands  almost  if  not  entirely  alone  among 
enzymes.  It  oin  only  carry  out  its  s]iecific  decomposition 
when  it  i»  iu  a  slate  of  combination  with  a  weak  acid. 
The  pepsin  of  the  stomach  of  the  Vdrtebrata  ia  always  found 
combined  with  hydnw-hlori*:  acid,  the  latter  being  found  in 
gastric  juice  in  the  jjroportiou  of  '2 — r*  pwr  cent  So  close  is 
the  union  between  the  two  that  many  physiologists  prefer  to 
speak  of  the  proteolytic  fluid  as  ''  pepsin-hydrochloric  acid." 
Other  mineral  acids,  especially  nitric  or  phosphoric  acid,  can 
replace  the  hydrochloric.  Organic  acids  can  play  the  same 
part.  Wroblewski  has  pablitihed  the  resnits  of  some  very 
careful  researches  on  this  poiut,  usinj^f  pepsin  from  dogs,  fram 
pigs,  and  from  the  human  subject.  He  finds  that  though  acid 
is  cKseutiul  for  the  action  of  all,  the  different  pepsins  behave 
dififorently  in  the  presence  of  different  acids  and  are  moreover 
diHerent  from  each  other.  He  prepared  his  pepsin  by  Witte's 
glycerine  method  from  the  mucous  membrane  of  the  stomachs 
in  each  case.  Using  pig's  pepsin  he  found  it  to  be  most  active 
in  the  presence  of  oxalic  acid  of  such  strength  that  one  volume 
of  normal  alkali  solution  neutralifted  20  volumes  of  the  acid. 
Then  in  order  came  hydrochloric,  nitric,  phowphoric.tartaricjactic, 
citric,  malic,  paraloctic,  sulphuric  and  acetic  acids.  With  human 
pepsin  lactic  acid  was  slightly  more  efficacious  than  phosphoric 

The  action  of  pepsin  is  influenced  by  several  physical  condi- 
tions, of  which  the  most  important  is  temperature.  Klug  states 
that  it  can  act  at  O""  C,  but  is  then  very  feeble  ;  as  the  tempera- 
tore  rises  the  activity  increases  to  an  optimum  which  Klug 
puts  at  ft-om  oO"  to  60"  C. ;  il  then  falls  off  as  the  digestion  is 
warmed  still  further,  and  at  80*  C.  it  cisases  and  the  enzyme  is 
destroyed.  Other  writers  have  put  the  optimum  point  much 
lower,  at  about  *JS" — 40*^  C,  the  normal  body  temperature. 
Langley  says  that  pepsin  is  rapidly  destroyed  by  warming  to 
56"— 57"  C. 

There  appears  to  be  some  difference  as  to  the  optimum  point 
between  the  pepsin  of  wartu-blooded  and  that  of  cold-blooded 
animals.  Hoppe-Seyler  found  the  pepsin  of  the  pike  digested 
fibrin  faster  at  15"  C.  than  at  40°  C.  Many  obsen'era  have  found 
however  that  this  is  not  the  case  with  the  pep&in  of  the  frog. 
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DOntioa  has  a  en 
the  best  resslto  an 
tains  from  5  to  -01  per  caaL  «f  Am  tmawmt,  vfcaell  m  »  frnh* 

wide  image.     With  ^iia^ii  or  liw  lialJM  the  Mtniftr 

liopcirai.  Uioagb  praiedfw  viQ  takx  plaee  willk  «^  ^05  per 
oeoL  preani.  The  pepKO  uf  tW  dof^  is  bok  adnv  tkan  Aaft 
of  the  pig  or  the  (wiioek. 

Tarious  neatnl  aalu  bave  bcca  $ammA  t*  have  a 
retaidittg  efleet  opoo  Ufte  aetiaa  of  the  eMjiac, 
aaunottium  s«ilphat«  sad  aodncaa  eUonde,  tbe  latter  if  preset 
IB  gretttto-  azDoant  tliaii  S  per  eent.  ^Ihlinf^  salts  are  ak» 
prejwiieUi  in  a  vesj  high  ikgige,  aodiuB  rariwatP  ia  owh 
■mU  pfoportioa  aa  -003  per  etmL  *»'^"f  an  appnaaye  d*- 
stractioo  of  pepsiik  in  <me  to  t«o  hoan  at  the  bodjr  taopanterek 
The  desHiictioa  varies  aeeordiag  lo  the  strength  of  the  aftaK 
or  alksiiae  salt,  the  time  dvring  wUeh  it  is  aOoved  to  ack»  aad 
the  amoont  of  proteids  present,  ihe  latter  being  preaemtiTe 
op  to  a  oertein  amount.  The  pcotectino  is  hoverer  fur  from 
complete.  Luigtey  sad  Edkias  faimd  that  in  the  pcacnne  of 
2-5  per  cent  of  pepcooe,  wtCD-eighthB  of  the  pepsin  in  an 
estrsct  of  cat's  gastric  mncoas  membnne  was  destroyed  at 
iV  C  by  '5  per  oent^  of  so&m  oartMoate  in  60  secoode.  Car- 
bonic acid  gas  is  also  deletenoosb  but  mndi  leas  so  than  an 
slkalL  Peptone  is  rerj  efficncious  as  a  protection  against  this 
g». 

A  great  difference  nkajr  be  oboerred  between  the  ^bct  of 
alkaline  and  th^  of  neutral  salts.  While  the  former  destiDjr 
the  L'Dzyme  etttirf:tjr.  the  latt«r  onlr  inhibit  its  sctioD.  If  they 
arc  removed  by  dialysis  or  other  ui«an:«.  the  pepsin  is  found  to 
be  still  capable  of  carrying  out  proteolysis. 

Chiltendeo  aad  Amerman  have  found  that  the  removal  of 
the  prxincts  of  the  action  of  pepsin  dating  a  digestion  has  little 
or  no  influence  upon  the  course  of  proteolysis. 

The  action  of  pepcdn  has  been  chiefly  studied  upon  fibrin 
or  coagulated  egg-albumin.  The  nature  of  the  decomposition 
which  it  8ct«  up  in  these  cases  has  already  been  discusstiL 
Chittenden  and  Uortwell  and  later  Chittenden  and  Mendel 
have   stadied   the  proteolysis  of  the   crystalline  globulin   or 
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viteltin  which  can  be  prepared  from  the  seeds  of  the  Hemp, 
and  which  may  bfi  taken  as  a  representative  vegetable  proteid. 
The  course  of  tlie  actiou  was  fuuud  to  be  much  the  same  as 
with  fibrib  or  egg-alb^imin,  syntonin  or  a  form  of  acid-albumin 
being  formed  at  the  commencement  of  the  digestion,  together 
with  a  BmatI  amount  of  an  insoluble  residue  corresponding  to 
antialbumid.  Later  proto-  and  deutero-vitelloees  and  peptone 
could  be  detected  a8  in  the  other  cases,  but  only  a  very  Biuall 
quantity  of  hetero-vitellose  vraa  formed.  By  varying  the  length 
of  time  during  which  the  digestion  was  carried  on,  Chittenden 
and  Mendel  identified  two  proto- vitelloses. 

Besides  the  proteids,  gastric  juice  by  virtue  of  its  pepsin  can 
effect  the  decomposition  of  gelatin.  Tiedeinanu  and  GuieHn 
were  the  first  to  obiserve  that  this  body,  under  the  action 
of  the  secretion  of  the  stomach  becomes  liquid,  and  loses 
the  power  of  gelatinisation.  Metzler,  Schweder,  Etzinger  and 
other  observers  have  obtained  the  same  result  with  a  solution 
of  pepsin. 

The  process  of  the  decomposition  of  gelatin  has  been  studied 
in  detail  by  Chitteudeii  and  Solley,  and  has  bcou  ascertained  to 
be  almost  exactly  similar  to  the  course  of  proteolysis  by  the 
same  enzyme.  The  chief  differencf  between  the  two  is  the 
absence  of  any  neutralisatiou  precipitate  conespondiiig  to  acid- 
albumin  The  bulk  of  the  products  arising  during  the  course 
of  the  digestion  consists  of  pn>t<j-gelatose  and  deutero- 
gelatose,  gelatin-peptone  also  being  formed,  but  only  in  small 
amount.  These  various  bodies  show  properties  very  much  like 
the  corresponiiing  onus  jiroduced  din-ing  digestion  of  albumin. 

Dastre  and  Floresco  have  arrived  at  similar  conehisions  to 
those  of  Chittenden  and  Solley.  They  also  found  similar 
changes  to  those  induced  by  pepsin  to  follow  the  action  of 
water  at  high  temiKTaiures  under  pressure. 

Pepsiu  also  acts  upon  the  so-called  nucleo-uibuinins,  or 
nacleo-proteids,  which  appear  to  be  compounds  of  proteids 
with  a  substance  callc<l  n  tiddn,  the  latter  being  the  principal 
material  found  in  the  nuclei  of  cells.  The  enzyme  appears 
to  attack  chiefly  the  albumin  of  the  compound  peptones  and 
albumoses  being  formed,  together  with  a  phosphorised  residue 
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which  is  probably  slijfhily  altered  nuclein.  Pepsin  does  not  act 
upon  the  substance  of  the  nuclei. 

The  actiou  of  pepsin  upon  the  cajnetn  of  milk  ia  interesting 
from  this  point  of  view.  The  latter  has  generally  been  con- 
sidered to  be  a  proteid,  much  resembling  the  derived  albumins. 
LAbavin  has  found  that  when  digested  with  pt^psin  a  phosphoru»- 
coDtaining  body  closely  resembling  if  not  identical  with  nuclein 
is  separated  out  as  an  insolnble  residue.  This  fact  lends  support 
to  Hammarsten's  view  that  ca><eLn  is  rather  a  nuckHi-albumin 
than  a  true  proteuL 

Pepsin  also  digestj*  elaatiity  but  is  apparently  without  action 
OD  mucin. 

Trypstru 

This  is  the  characteristic  enzyme  of  the  pancreatic  secretion 
of  thu  higher  animals  and  ihe  chief  uj^ent  in  the  proteol}'sis 
which  takes  place  in  plants.  It  differs  from  pepsin  in  two 
importEiut  respects.  It  effects  as  we  have  seen  a  more  com- 
plete disruption  of  the  primarj'  proteid,  breaking  some  of  tb 
down  so  completely  that  crj*stalline  amide  bodies  result  from 
the  decnuiposition.  Further  it  in  not  dependent  like  pepsin 
upon  the  presence  of  an  inorgatiic  ally  such  as  hydrttchloric 
acid.  The  trypsin  of  the  pancreas  acta  most  vigorously  in  the 
presence  of  a  smnll  amount  of  an  alkaline  salt  such  as  carbonate 
of  soda,  but  there  is  no  definite  relation  between  the  alkali  and 
the  enzyme.  Digestion  by  pancreatic  juice  can  go  tin  indeed 
in  a  neutral  or  even  a  faintly  acid  medium;  Ewatd  says  that 
the  tn-psin  of  the  ox  can  digest  fibrin  in  the  presence  of  3  per 
cent,  of  hydrochloric  acid.  Mays  obtained  the  same  result. 
The  vegetable  trypsins  again  are  most  active  in  a  faintly  acid 
medium. 

In  the  pancreatic  secretion  trypsin  is  associated  with  several 
other  ferments,  one  of  which,  pftiicrcatic  diastase,  has  already 
been  discussed.  Among  tiie  other  enzymes  which  it  contains  are 
a  form  o(  rennet,  which  curdles  milk,  and  pialyv  or  lipase,  which 
decompi.>ues  fats.  The  two  latter  will  be  considered  subse- 
quently. Pancreatic  juice  as  ordinarily  obtained  contains  also 
a  considerable  quantity  of  proteids. 
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Similar  adnuxtarc  with  other  enzymes  is  frequently  found 
to  mark  the  trypsin  of  vegetable  origin. 

The  preparation  of  trypsin  from  the  pancreas  or  its  secretion 
18  attended  with  difficulty,  though  a  proteolytic  extract  of  the 
oi^n  can  be  obtained  by  digesting  the  rainced  tissue  with  a 
dilute  acid  or  with  glycerin,  the  operation  being  conducted 
at  35* — 40°  C.  Such  an  extract  contains  however  the  other 
enzymes  described  as  well  as  the  trypsin. 

The  separation  of  the  three  especially  digestive  enzymes, 
trypiiin.  diastase,  and  pialyn  or  lipase,  was  first  effected  by 
Danitewuki  in  1862.  He  took  a  freshly  extracted  pancreas  and 
ground  it  up  in  a  mortar  with  sand  and  cold  water.  Removing 
the  debris  he  saturated  the  liquid  with  maguesic  oxide,  which 
caused  the  precipitation  of  the  pialyn,  associat-ed  with  certain 
other  constituents  of  the  extract.  The  filtrate  from  this  pre- 
cipitate contained  the  diastase  and  the  trypsin,  and  these  were 
separated  by  shaking  it  with  au  alcoholic  and  ethereal  solution 
of  collodion.  The  precipitate  of  the  collodion  carried  down  the 
try|«ii»,  leaving  the  diastase  in  solution.  The  two  can  bo 
separated  in  another  way,  by  acidulating  the  extract  with 
phosphoric  acid  and  then  neutralising  by  lime  water.  The 
precipitate  so  caused  carries  down  the  diastase,  leaving  the 
tiyfMiin  dissolved. 

Kilhnc  prepared  trypsin  in  what  is  generally  regarded  as  an 
approximately  pure  condition  by  the  following  process.  The 
minced  tissue  of  a  fresh  pancreas  was  macerated  in  alcohol  and 
ether  and  two  extracts  were  prepared  from  it ;  the  first  was  acid, 
the  acid  used  being  salicylic  acid  in  the  proportion  of  •!  per 
cent.  After  maceration  in  this  liquid  fur  ♦  houra  at  40"  C.  the 
extmct  was  separnted  from  the  tissue  by  pressure  through  a  linen 
atrwiner.  The  residue  was  next  extracted  by  a  25  |wr  cent,  solu- 
tion of  sodium  carbonate,  the  digestion  as  before  being  conducted 
at  the  body  temperature;  after  12  hours'  maceration  the  liquid  was 
again  separated  by  pressure.  The  two  txtract*^.  which  contained 
the  enisymes  together  wibh  a  good  <leal  of  proteid  matter,  were 
then  mixed,  and  sodium  carbonate  added  to  the  whole  till  it 
contained  about  5  per  cent,  of  the  salt.  The  mixture  was  then 
allowed  to  digest  in  the  presence  of  some  antiseptic  till  the 
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trypsin  it  contained  had  converted  the  proteids  into  peptones. 
A  somewhat  prolonged  digestion  was  necessary,  sometimes  ex- 
tending over  a  week.  The  liquid  was  then  allowed  to  stand  in 
the  cold  for  24  hours  and  filtered.  It  was  next  made  faintly 
acid  with  acetic  acid  and  saturated  with  nt^utmt  ammonium 
sulphate.  As  this  reagent  precipitates  albiimoses,  it  was  very 
necessary  that  the  preliminar)'  digestion  should  be  prolonged 
till  these  were  convert<^d  into  peptones.  !u  the  absence  of 
albumoses.  the  ammonium  sulphate  precipitated  the  trypsin  in 
a  feirly  pure  condition  and  the  latter  was  collected  on  a  filter, 
washed  and  dissolved  in  a  little  alkali. 

The  method  seems  open  to  criticism  to  a  c-ertaiu  extent. 
It  has  been  fuund  by  many  observers  that  the  total  conversion 
of  the  albnmoses  into  peptones  is  a  very  diiScult  process  and 
probably  never  takes  place,  a  certain  portion  of  albumose  always 
remaining  in  a  digestion.  When  Kuhno  examined  the  C(vmpo- 
sition  of  his  product  he  found  it  always  gave  up  to  boiling 
water  a  certain  amount  of  ccwgulated  (iroteid  and  nearly  80  per 
cent,  of  aibuniose.  He  attributed  this  to  tlecomposition  of  the 
enzyme  itself,  but  it  appears  certainly  possible  that  it  may 
have  ai-isen  from  incomplete  hydrolysis  of  the  albnmoses  of  the 
original  extracts. 

While  trypsin  is  the  meet  potent  proteolytic  agent  in 
vertebrate  animals  it  has  also  a  very  wide  distribution  among 
the  lower  forms.  The  course  of  proteolysis  has  however  been 
(ucainined  only  very  incompletely  among  these  and  in  many  it 
is  not  certain  whether  it  is  peptic  or  tryptic.  Passing  by  these 
for  the  present  an<l  dealing  only  with  those  whose  secretions  or 
tLiSues  have  been  investigated  we  notice  that  Frcdcricq  has 
prepared  an  enzyme  from  certain  sponges  which  converts  pro- 
teids  into  peptones  and  partially  into  leucm  and  tyrosin.  He 
has  met  with  the  same  budy  in  certain  Ednnodennata,  In  the 
pyloric  caeca  of  Uragter,  which  are  situated  in  the  rays  of  the 
animal,  there  is  found  a  digestive  fluid  which  is  strikingly  like 
pancreatic  juice.  It  decomposes  fata,  saccharifies  starch  and 
dissolves  coagulated  albumin.  Frederictj  extracted  the  enzyme 
by  the  method  of  macerating  the  tissue  in  glycerin  after 
dehydration  by  alcohol.     So  prepared,  it  digested  muscle-Hbre 
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with  the  formation  of  leucin  and  tyrosin.  Ho  says  it  is  most 
active  in  alkaline  media,  less  so  in  neutral  flnitls  anil  paseasea 
hardly  any  power  in  acid  extracts.  In  the  Ccelenteruta  markedly 
glandular  cells  are  found  in  the  eudoderm,  and  the  body-fluid 
pisso-sseH  digestive  properties. 

In  Worms  the  intestine  is  partly  surronnded  by  a  yellowish 
glandular  tissue  which  is  said  to  be  pancreatic  in  function. 
Frederic(|  extracted  from  the  dehydrated  tissue  of  the  whole 
body  nf  the  worm  an  enzyme  which  digested  fibrin  in  both  acid 
and  ttllcaliuu  solutions  of  various  strengths.  The  most  advan- 
tageous one  was  '6 — 1*2  per  cent,  of  hydrochloric  acid.  Though 
the  extract  when  neutral  was  less  potent,  it  was  yet  capable  of 
carrying  out  a  slow  digestion.  Later  Fredericq  dissected  out 
the  inlestiue  of  a  largo  earth-worm  and  found  in  the  cavity  a 
slightly  alkaline  fluid  which  was  capable  of  digesting  rtbrin. 
This  fluid  was  the  secretion  of  the  glandular  cells  which  have 
been  mentioned  as  covering  the  intestine  (page  43).  Gnftiihs 
has  found  indol  in  the  pixnlucts  of  a  prot<:id  digestion  effected 
by  the  enzyme  prepared  from  the  worm.  The  evidence  thus 
points  to  a  tr)*ptic  enzyme  in  the  gland. 

In  Insecta  there  is  also  evidence  of  the  presence  of  trypsin  ; 
Grifliths  has  found  the  pyloric  ca;cii  of  Hlatta  ta  be  pancreatic 
in  function.  In  the  stomach  of  both  larva  aud  imago  of  certain 
Lepidoptera  are  glandular  follicles  which  secrete  a  juice  corre- 
sponding in  proteolytic  activity  to  that  of  a  pancreas  of  the 
VerteUmta  Abelou8  and  Heim  detected  trypsin  in  the  eggs  of 
certain  Crustucea,  in  which  diastase  was  al»o  present,  as  alreudy 
mentioned  (pig*-*  44). 

The  .so-called  liver  of  the  CrusUicea  and  the  Uollu^ca  appears 
to  be  in  part  at  all  events  a  digestive  gland  of  the  type  of 
the  pancreas.  BourqueJot  has  studied  it  very  carefully  in  the 
Cephalopoda  and  concludes  that  it  secretes  both  pepsin  and 
trypsin.  Fredericq  who  has  examined  it  in  many  families  says 
that  in  them  all  the  fluid  it  secretes  is  capable  of  digesting 
starch,  splitting  up  fats,  and  dissolving  fibrin  with  formation  of 
leucin  and  tyiosiu.  The  enzyme  can  be  prepired  from  the 
tissue  by  dehydrating  it  with  alcohol  and  subsequently  ex- 
tracting it   with  glycerin,  according  to  the   methods  of  von 
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Wittich  or  Krawkow  which  have  been  already  described.  In 
the  Tunicata  th<;  tubules  which  rfunify  over  the  wall  of  the 
intestine  are  said  to  constitute  a  imiicreatic  gland. 

The  distribution  of  trypnin  in  the  vegetable  kingflom  will 
be  treated  of  snb-sequcntly. 

In  the  conditions  ot"  its  action  trypsin  much  resembles 
pepsin;  it  is  similarly  atftcted  by  temperature,  and  by  even 
slight  excess  of  acids  or  alkalis.  Pancreatic  trypsin  is  destroyed 
by  '1  per  cent,  of  hydri>chloric  acid  and  totally  inhibited  by 
"05  per  cent,  of  lactic  acid.  Neutral  salts  in  excess  alTect  it 
much  as  they  do  pepsin. 

The  removal  ()f  the  products  of  the  digestion  as  they  are 
formed  has  a  considerable  iutiuencc  upon  the  course  of  pro- 
teolysis Lea  has  carried  out  a  verj'  careful  research  upon  this 
point,  using  trj-psin  prepared  by  Ktlhne's  methiwl,  ami  carrying 
out  two  opemtiiins  side  by  side,  the  one  in  a  glass  flask  and  the 
other  in  a  dialysing  tuhc  .surrounded  by  a  solution  cuntaining 
•25  per  cent,  of  sodium  carbonate  and  a  little  thymol.  He  has 
found  thai  the  typical  disintegration  of  fibrin  iu  its  earlier 
stages  is  much  more  rapid  in  the  dialyser  than  in  the  Hank,  and 
that  the  digestion  is  never  so  complete  in  the  latter  cose,  more 
antialbumid  being  left  at  the  conciusiim  of  the  experiment. 
On  the  other  hand  the  amount  of  leucin  and  tyrosin  formed  in 
a  flibik -digestion  is  always  greater  than  in  a  diaiyaer-digestiou, 
other  conditions  being  the  -sume  in  both  cases. 

The  course  of  the  decomposition  of  primary  proteida 
effected  by  trypsin  has  already  been  described.  A  difference 
between  this  enzyme  and  pepsin  in  the  case  of  the  protenlj-sia 
of  fibrin  may  be  noticed  here.  When  fibrin  is  digested  by 
pepsin  it  swells  tip  under  the  inilucnco  uf  the  hydrochloric  acid 
with  which  the  enzyme  is  associated  and  is  subsequently  dis- 
solved, the  fluid  rcuiaining  clear  until  nearly  the  end  of  the 
digestinu,  when  the  resulting  antialbumid  is  left  as  a  granular 
residue.  With  trypsin  the  course  of  action  is  different.  The 
fibrin  does  not  hrcome  swolli-n  or  tnmslncent,  but  is  gradually 
corroded  rather  than  dUsolved,  so  that  the  digestive  liquid  is 
alwajTB  turbid  and  full  of  a  finely  granular  debris. 

Besides    leucin    and    tyrosin   other  crystalline   bodies  are 
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formed  during  the  action  of  trypsin.  Nencki  bas  identitiod 
amoug  thera  Tanthin,  ffunnin,  hifpaxanthin,  and  ad^ntM- 
hypoxanthin.  He  has  also  fouuda  body  which  he  caWs  proteino' 
ckromogen,  and  which  CDnHists  of  two  substances  that  he  oould 
not  separate  completely.  From  the  Bromine- compound  of  one 
of  them  he  prepared  skatol,  pi/rrolin.  and  indol.  by  fusing  it  with 
cautjtic  potash.  In  the  pancreatic  digestion  naturally  occurring 
in  the  intentiue,  indul  and  skatul  both  occur  in  the  lower  part 
of  the  organ,  after  bacterial  putrefaction  has  begun.  The  for- 
mation of  these  bfKJiet)  is  not  due  entirely  to  the  latter  as 
bacterial  decomposition  of  protoids  outside  the  body  does  not 
give  rise  to  them.  They  may  occnr  in  the  intestine  in  conse- 
quence of  the  action  of  microbes  upon  the  substances  Nencki 
describes. 

There  is  also  formed  during  the  action  of  trypsin  a  body 
which  is  very  characteristic  of  pancreatic  digestion ;  it  gives  a 
pink  colour  with  Bromine  or  Chlorine  water.  Aspartic  acid  haa 
also  been  met  with. 

Trypsin  is  c^apable  of  digesting  Jttucin,  which  resists  the 
action  of  pepsin ;  it  cannot  attack  the  collagen  of  connective 
tissue  or  tendons,  though  it  can  digest  the  gelatin  into  which 
this  material  can  be  converted  by  prolonged  boiling  with  water. 
The  products  of  its  action  on  gelatin  arc  similar  to  those  pro- 
duced by  pepsin.  Elastm  is  more  or  less  rapidly  dissolved  by 
it,  and  products  are  formed  many  of  whose  reactions  are  com- 
parable with  th<}8e  of  the  digestive  i*esiducs  of  proteids.  It  is 
uncertain  whether  the  pept<»ne  stage  is  reached. 

A  curious  peculifmty  attending  the  action  of  pancreatic 
juice  upon  milk  was  first  noticed  by  Roberta  and  subsequently 
confirmed  by  other  observers.  Milk  is  an  emulsion  of  fet 
(cream)  in  a  liquid  containing  certain  proteid,  carbohydrate,  and 
mineral  constituents.  The  chief  proteid  is  the  one  generally 
called  casein,  which  in  its  reactions  approaches  the  group  of 
derived  albumins.  It  is  so  much  like  them  indeed  that  it  was 
formerly  considered  to  be  a  form  of  alkali-albuuiin.  This  body 
differs  from  a  primary  albumin  or  a  globLiUti  by  not  uudergoiug 
the  proce'is  of  heat-coagulation  as  the  temperature  of  its  solvent 
is  raised.     Roberts  has  shown  that  when  milk  is  digested  for  a 
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short  time  with  pancreatic  juice  and  then  boiled,  the  casein 
separates  out  in  the  form  of  a  scum  or  coagulum.  He  suggests 
that  this  change  is  due  to  the  action  of  the  trvpsin  and  indi- 
cates ft  very  early  stage  in  the  course  of  proteolysis.  Longer 
ligestion  with  pancreatic  juice  causes  the  disappearaocc  of  this 
property  and  then  the  ordinary  decomposition  products  of  the 
casein,  proteoses,  etc.  can  bo  detected.  Roberts  has  named  this 
new  body,  derived  from  casein  and  coagulating  on  boiling 
"metacasein."  His  facts  have  Iwen  corroborated,  but  a  dif- 
ferent interpretation  of  them  is  now  suggested.  Later  writers 
consider  that  the  action  is  not  connected  with  proteol^-sis  by 
the  trypsin,  but  that  the  metacasein  is  formed  by  the  rennet 
enzyme  under  particular  conditions.  This  point  will  be  further 
disctisMcd  subsequently. 


Intracellular  proteolytic  digestion  is  not  of  such  general 
occurrence  in  the  iminiul  kingdom  as  dia-stasic.  It  is  however 
far  from  unknown,  but  whether  it  is  brought  about  by  peptic 
or  by  tryptic  enzymes,  and  how  far  the  direct  action  of  the  proto- 
plasm is  involved,  is  uncertain  in  most  cases.  Metschnikoff 
has  described  digestion  as  occurring  in  the  cells  of  the  mesoderm 
Df  Sffmtpta  and  Pk^llirfioe,  and  has  claimed  that  the  leucocytes 
of  the  higher  Vertcbiata  possess  digestive  power.  Lcidy  has 
described  the  iiigestiun  of  an  Amoeba  by  a  larger  one  of  another 
apecics,  and  other  observers  have  i-ecorded  similar  circumstances. 
There  is  a  general  agreement  among  them  that  when  such 
tion  has  takt;n  place  the  absorbed  matter  often  lies  for 
time  in  a  vacuole  in  the  animal's  substance,  surrounded  by 
what  is  apparently  a  digestive  liquid. 

Miss  Greenwood  has  described  the  processes  of  digestion  in 
everal  of  the  lowliest  forms.  In  both  Amasbii  and  Actino- 
fapkcerium  she  has  watched  the  ingestion  of  solid  food  particles 
and  the  subsequent  changes  which  such  particles  undergo. 
The  ingested  matter  is  surrounded  by  fluid,  sometimes  in  not 
inconsiderable  (juantity.  so  that  it  lies  in  a  vacuole  in  the 
animal's  substance.  If  the  absorbed  matter  is  innutritious  the 
vacuole  of  ingestion  soon  disappears;  if  nutritious  it  undergoes 
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change  which  is  not  effecttfl  by  direct  contact  with  the  living 
substance,  but  by  something  passing  out  of  the  protoplasm 
into  the  vacuole,  which  thus  becomes  a  difjestive  cavity, 
and  receives  a  secretion  from  the  living  substance.  This 
secretion  in  pi-obubly  not  acid,  but  it  exerts  a  digestive  actiOQ 
on  the  imprieoned  food  material,  which  after  a  time  disappears. 
If  the  ingested  matter  is  an  AJga  surrouuded  by  a  cellulose 
mentbraue,  the  latter  is  not  dissolved  but  its  proteid  contents 
are  digested.  This  fact  clearly  shows  that  iu  these  cases  the 
digestive  action  is  exerted  by  a  secretion  which  can  diffuse 
through  the  metubnuie,  and  not  by  contact  with  the  protoplasm 
itself.  The  fact  that  inuutritioua  substances  do  not  provoke 
this  formation  of  a  digestive  vacuole  ^xiinta  to  the  absorption  of 
food  •material  being  a  stimulus  setting  up  the  secretion  of  a 
digestive  juice. 

In  Actinosphwrium  soon  after  the  ingestion  of  food-material 
there  is  a  marked  appearance  of  granularity  in  the  region  of 
the  living  substance  surrounding  the  prey.  These  granules  are 
not  formed  round  iudigestible  matter  that  may  be  absorbed. 
Miss  Greenwood  states  thiit  this  granular  gathering  is  significant 
of  secretory  activity. 

It  is  worthy  of  notice  that  various  observers  have  indicated 
that  the  vacuoles  round  ingested  matters  frequently  contain  an 
acid  liquid.  Among  others,  Eugelmann  states  that  litmus  par- 
ticles turn  red  when  ingested  by  ParanuBcium,  Stylonichia,  and 
some  species  of  Amceha. 

In  Carchesium,  one  of  the  Vorticellid^,  the  digestive  changes 
can  be  seen  within  even  greater  clearness.  Miss  Greenwood 
describes  the  appearances  which  can  be  made  out  when  the 
animal  is  fed  with  coagulated  white  of  egg  in  a  fine  state  of 
division.  A  number  of  paiticles  suspended  iu  fluid  are  ingested 
together  and  a  vacuole  containing  them  can  be  seen  in  the 
animal's  sarcode.  They  pass  from  the  mouth  towards  the  more 
deeply-seated  substance  of  the  animal,  becoming  aggregated 
together  and  losiug  the  fluid  which  surrounds  them.  They  are 
then  stored  for  a  time,  which  sometimes  lasts  for  more  than  an 
hour,  when  vacuoles  again  form  around  them,  containing  freshly- 
secreted  fluid  which  has  a  solvent   action  on  protcids.     The 
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incliidod  particles  are  gradually  dissolved,  the  vacuole  oon- 
taining  them  moving  slowly  towards  that  region  of  the  animal 
froiu  which  the  finally  uodigeated  portions  are  discharged. 

The  process  of  secretion  of  the  proteolytic  enzymes  in  the 
cells  uf  the  mammalian  glands  fullowe  the  same  course  as  that  of 
the  formation  of  diost-ase  in  the  salivary  glands.  The  general 
structure  of  the  pancreas  and  of  the  glands  of  the  stomach  U 
similar  to  that  alrendy  described  in  the  case  of  the  latter 
organs.  When  the  glands  are  at  rest  there  is  a  coDspicuoits 
formation  of  peculiar  granules  in  them,  which  may  accumulate 
80  as  to  make  the  whole  of  the  cell  opaque,  or  which  may  be 
stored  more  or  less  i>n  the  side  which  abuUs  upon  the  lumen 
of  the  gtand.  In  the  pancreas  we  have  thus  two  well-marked 
zonesi,  the  outer  being  small  but  transparent,  while  the  inner  is 
opaque.  When  secretion  takes  place  the  granularity  gradually 
becomes  less  evident,  the  grauules  retreating  from  the  outer 
parts  of  the  cells  towards  the  lumen  of  the  gland  and  the  whole 
outlines  of  the  cells  being  well-defined.  At  the  conclusion  of 
the  process  the  cells  an?  nearly  free  from  granularity.  The 
granules  are  then  gradually  reformed  till  the  resting  condition 
is  again  attained,  the  cells  at  the  same  time  becoming  some- 
what larger.  Comparison  of  cells  taken  from  the  gland  during 
different  conditions  of  secretion  lead  to  the  view  that  the  act  of 
secretion  consists  of  three  well-marked  stages.  (1)  The  growth 
of  the  cell  at  the  expense  of  material  brought  to  it  by  the 
lymph.  (:2)  The  construction  of  the  granules  from  the  proto- 
ptaBin  of  the  cell.  (3)  The  exb:-usion  of  these  with  a  certain 
amount  of  fluid  in  which  they  arc  more  or  less  completely  dis- 
solved. In  some  glands  the^se  stages  are  apparently  more  or 
lees  consecutive.  In  others  they  appear  to  go  on  simultaneously 
but  at  relatively  different  rates.  In  such  cells  the  clear  and 
granular  zones  cannot  be  clearly  recognised,  though  the  amount 
of  granularity  vanes  from  time  to  time. 

The  granules  do  not  appear  to  be  the  actual  enzjTnes  but 
to  be  composed  of  substances  which  are  readily  and  rapidly 
converted  into  them.  If  a  fresh  pancreas,  taken  from  the  body 
immediately  after  death,  is  extracted  with  water  or  glycerin,  the 
extract   is  almost  without   action  on  protcids.     If  instead  of 
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boing  extracted  at  occc  it  is  kept  warm  for  24  hours,  or  if  it 
is  warmed  for  a  shorter  time  in  dilute  acetic  acid,  and  then 
extracted,  the  extract  haa  well-marked  proteolytic  powers.  The 
inert  extract  prepared  from  the  fresh  pancreas  can  also  be  made 
active,  by  slightly  acidulating  it  with  acetic  acid  and  keeping  it 
for  some  time  at  40"^  C.  The  cells  contain  the  enzyme  in  the 
condition  of  a  zijmogen,  which  is  readily  converted  into  the 
actual  ferment  by  the  acid  used.  The  zymogen  of  the  pancreas 
coo  idsu  be  couverted  into  the  enzyme  by  passing  a  current  of 
oxygen  for  about  15  minutes  through  the  neutral  extract. 
That  the  granules  really  contain  this  zymngen  appean^  evident 
from  the  fact  that  the  amounl  of  enzyme  whi<:h  ojiii  be  formed 
is  pru|>oilionul  to  the  granularity. 

There  is  little  doubt  that  these  changes  are  controlled  by 
nervous  action  as  in  the  case  of  the  salivoi-y  glands,  hut  the 
paths  of  the  impulses  ai-e  not  so  clearly  understood.  Stimula- 
tion of  the  medulla  oblongata  increases  the  secretion  of  the 
pancreas,  but  it  is  not  dependent  altogt'ther  upon  nervous  supply 
from  the  central  nervous  system.  Wheu  all  the  nerves  going 
to  the  gland  are  cut,  the  secretion  is  not  materially  affected. 
In  some  animals  there  is  probably  a  reflex  nervous  mechanism 
influencing  it,  for  secretion  commences  immediately  food  is 
taken  into  the  stomach. 

The  secretion  of  both  pepsin  and  trypsin  is  affected  if  not 
altogether  provoked  by  the  absorption  of  nutritive  products. 
Schiff  found  that  when  an  insoluble  proteid  such  as  fibrin  nr 
coagulated  albumin  was  introduced  into  the  stomach  of  a  footing 
animal  no  pepsin  was  secreted  and  the  proteid  remained  un- 
digested. If  with  the  latter  certain  soluble  matters,  to  which  he 
guve  the  name  of  peptogens,  were  introduced,  pepsin  began  to  be 
secreted  immetliately  on  their  absorption.  Among  these  pep- 
togens  Schiff  mentions  solutions  of  dextrin,  extract  of  meat, 
geUtin  and  peptone.  He  found  that  they  were  just  as  effective 
when  introduced  into  the  blood  by  injection,  or  when  absorbed 
in  any  other  way.  The  action  they  set  up  is  clearly  due, 
therefore,  not  to  their  mere  presenoe  in  the  stomach,  and  they 
moat  act  chemically  and  not  mechanically  upon  the  gUnd  cells. 
Tlwy  tQAy  be  of  vahie  as  setting  up  the  niiriuaiaiy  nutritive 
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changes  in  the  gland  cells,  acting  directly  upon  the  protoplasm ; 
or  they  nmy  work  indirectly  by  stimulating  some  nervous 
mechanism  in  the  gland  or  in  the  stomach  wall,  bo  causing 
secretion.  Some  physiologists  hold  the  view  that  there  are 
in  the  pancreiiA  as  in  the  salivary  glands  two  seta  of  nerve 
fibres,  the  one  inHiiencing  tlie  formation  of  the  enzymes,  and 
the  other  their  discharge,  during  the  activity  of  the  gland. 
This  view  rests  not  so  much  upon  experimental  pronf  as  upon 
analogy  with  the  salivary  gland,  in  which  there  is  evidence  of 
such  nerve  supply. 

There  is  a  marked  difference  between  the  two  enzymes  with 
regard  to  the  way  in  which  they  are  affected  by  acids,  alkalis, 
and  neutral  salts.  Pepsin  can  only  effect  proteolysis  in  the 
presence  of  a  dilute  acid  :  in  gastric  juice  it  is  closely  associated 
with  hydrochloric  acid  in  quantity  varying  from  '2  to  6  per 
cent.  Pancreatic  tr)'psin  on  the  other  hand  is  destroyed  by  a 
relatively  small  quantity  of  free  acid.  Trypsin  is  aided  in  its 
activity  by  most  salts  in  small  amount,  particularly  alkaline 
salts;  of  these  sodium  carbonate  is  the  most  favourable,  the 
best  results  being  obtained  when  from  *9  to  1'2  per  cent,  of  the 
salt  is  present.  This  body  is  most  injurious  to  pepsin,  *5  per 
cent.  destr»)yiiig  almost  the  whole  of  the  enzyme  in  a  solution  in 
as  short  a  time  as  15  seconds.  The  presence  of  soluble  proteids 
lessens  the  rate  of  destruction,  but  not  very  materially,  even 
25  per  cent,  of  peptone  not  preventing  it.  The  pepsin  of  the 
frog  is  less  easily  destroyed  than  that  of  a  mammal. 

The  presence  of  an  excess  of  neutral  salts  in  a  solution  of 
either  enzyme  is  deleterious,  but  pepsin  is  more  readily 
afftHited  than  trypsin.  The  action  of  the  latter,  according  to 
Edkins,  is  assisted  by  the  presence  of  1 — 2  per  cent,  of  sodium 
chloride,  but  very  gn-atly  rctunh-d  by  8  per  cent. 

A  still  more  marked  difference  between  pepsin  and  trypsin 
lies  in  their  relative  powers  of  effecting  the  decomposition  of 
proteid.  Pepsin  can  only  carry  the  hydrolysis  up  to  the  stage 
at  which  peptone  is  formed,  while  tr)'psin  can  split  up  one 
form  of  peptone  so  far  that  the  proteid  is  completely  de- 
composed. The  initial  stages  of  the  proteolysis  do  not  differ 
greatly  in  the  two  cases,  and  the  chief  cause  of  such  difference 
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as  there  is  seems  to  be  closely  related  to  the  fact  that  the  one 
acts  iu  an  acid,  and  the  other  in  an  alkaline  medium. 

The  process  of  pcptonisation  by  the  aid  of  pepsin  is  a  slow 
and  incomplete  process,  the  relative  amount  of  proteoses  and 
peptones  found  when  such  a  digestion  approaches  its  completion 
being  roughly  65  and  30.  Chittenden  and  Anienuan  beUeve 
that  complete  peptonization  is  not  a  property  of  gastric  diges- 
tion either  in  the  natural  or  artificial  procea-i.  The  action  of 
pepsin  is  rather  a  preliminary  stage  in  proteolytic  digestion,  a 
preparation  for  the  more  vigorous  transformations  brought 
about  in  the  intestine  under  the  action  of  trypsin.  This  view 
is  not  a  new  one,  having  been  advanced  originally  by  Claud 
Bernard.  It  is  supporltd  by  the  consideration  that  among  the 
lower  animals  pepsin  is  of  rare  occurrence,  the  only  proteolytic 
ferment  secreted  by  them  being  a  tryptic  one.  Tr)'pBin  acts 
more  energetically  than  pepsin,  cctnverting  primary  proteids 
rapidly  into  proteoses,  and  these  more  or  less  completely  into 
true  peptone.  The  only  rapid  transformation  effected  by  pepsin 
is  the  6rst  change  into  primary  proteoses^  the  subsequent  action 
being  slow  and  incomplete. 


CHAPTER  Xni. 

PROTBOLTTIC  RNZYHES  (continued).      VROBTABIB   TRYPSlNa. 

It  is  uncertain  whether  pepsin  is  represented  in  the 
vegetable  kingdom.  All  the  proteolytic  enzymes  which  have 
been  fully  investigated  have  been  found  capable  of  carrying 
the  hydrolysis  beyond  the  stage  of  peptone.  The  work  of  the 
earlier  observers  did  not  include  a  careful  examination  of  the 
products  of  the  decomposition,  and  hence  for  the  present  it 
remains  uncertain  whether  or  no  some  of  the  ferments  belong 
to  the  peptic  category. 

The  chief  enzj'mes  of  the  pniteolytic  class  that  have  been 
examined  with  any  tniuuteac'ss  are  papain,  obtaiued  from  the 
juice  of  Carica  papaya ;  bromelin,  from  the  fruit  of  the  Pine- 
apple; the  trypsin  of  germinating  seeds;  and  the  enzyme  of 
the  secretion  of  Nepentftes,  one  of  the  so-called  pitcher-plantSi. 
Several  others  are  known  to  occur  in  different  plants,  but  our 
information  respecting  them  is  not  very  complete. 


Bromelin. 

Though  this  enzyme  was  not  the  earliest  to  be  investigated, 

[<it   is  the   one   about  which  we    have   at   present  the  fullest 

I  information,  and  as  it  seems  tjrpica)  of  most  of  them  it  is 

I  adviKable   that    its   consideration   should   be  undertaken  first. 

[It   occurs  in  great  quantity  in   the  juice  of   tho   Pine-apple 

i(Anaiuu8a  sativa)  and  ia  becoming  of  commercial  importance. 

Attention  was  first  called  to  it  by  Marcano  in  1891,  and  it  has 

been  examined  very  fully  since  then  by  Chittenden  and  his 
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pupils  ID  America,  who  have  given  it  the  name  of  bromelin, 
from  the  Natunil  Order  to  which  the  pinc-applc  belungs. 

The  Juice  of  the  fruit  is  extremely  abundaut,  nearly  a  litre 
being  yielded  by  one  of  average  size.  It  is  distinctly  acid, 
the  acidity  being  ef]ual  tn  that  of  a  solution  of  hydrochloric 
acid  of  about  45  per  cent,  strength.  The  proteolytic  enzyme  is 
at<;.S')ciated  in  the  Juice  wibh  u  rennet  or  milk-curdting  Icrment, 
Just  as  pepsin  is  in  the  gastric  secretion  of  animals. 

The  juice  contains  two  proteids,  nne  of  which  uppcare  to  be 
a  protoproteuse  uud  the  other  either  a  heterujiruteoae  or  a 
globulin.  The  former  is  associated  chiefly  with  the  bromelin, 
and  coagulates  when  tlie  juice  is  heated  to  75"  C.  If  the 
latter  is  neutralized  before  warming  the  coagulating  point  is 
raised  to  H'l"  C  The  second  proteid  is  associated  chiefly  with 
the  rennet  and  is  only  coagulated  when  the  juice  is  boiled. 

Brometin  ean  be  extracted  from  pine-apple  juice  by 
saturating  the  latter  with  crystals  of  either  sodium  chloride, 
magnesium  sulphate,  or  ammonium  sulphate.  The  flntt  of 
these  salts  gives  the  best  result,  the  digestive  activities  of  the 
three  preparations  having  been  ascertained  by  submitting 
10  grams  of  moist  coagulated  egg-albnmin  suspended  in  100  c.c. 
of  water  to  the  action  of  '05  gm.  of  each  fur  6  hours  at  40°  C. 
The  sodium  chloride  preparation  under  these  conditions  di- 
gested 276  per  cent  of  the  proteid,  the  magnesium  sulphate 
one  141  per  cent.,  and  the  ammonium  sulphate  one  12'3  per 
cent.  only.  The  ferment  loses  some  of  its  activity  during  the 
process  of  extraction,  the  neutralised  juice  alwaj's  having 
greater  proteolytic  powers  than  solutions  of  the  different  salt 
precipitates  made  up  to  the  orig'mal  bulk. 

The  action  of  the  enzyme  shows  slight  variations  when  it 
acts  in  neutral  and  acid  solution  respectively,  and  its  course  is 
not  quite  the  same  when  acting  on  different  protoids.  As  the 
sodium  chloride  precipitate  is  the  most  potent,  it  was  used  by 
Chittenden  and  his  pupils  in  most  of  their  experiments. 

When  fibrin  was  use<l  as  the  proteid  to  be  digested  the 
course  of  the  action  was  shown  in  the  fallowing  experiment: — 

300  grams  of  moist  fibrin  were  warmed  at  40°  C.  with 
2500  cc.  of  •025  per  cent,  hydrochloric  acid  and  '26  gram  of  | 
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broroeliD  for  5  houre:  it  had  thtm  beeu  all  dissolved  except  a 
Bmall  Hocculcnt  residue.  The  filtrate  ftom  this  residue  when 
neutralised  deposited  a  small  amount  of  precipitate.  After 
filtratiuu  the  ueutmli^d  fluid  was  boiled  for  a  short  time,  and 
a  heavy  coaguluai  was  formed,  which  dissolved  in  dilute  acids 
and  alkalis.  A  further  precipitation  occurred  on  adding 
alcohol  to  the  concentrated  hitrate  from  the  hcat-coftgulated 
proteid,  and  from  the  alcoholic  lillrate  leucin  and  tyrosin 
separated  out  in  large  quantities  under  appropriate  treatment. 
The  original  undissolved  residue  was  found  to  consist  of  an 
antialbumid  mixed  with  a  proteose  which  resisted  further 
action  of  the  enzyme.  The  ueutralisabion  precipitate  was 
probably  not  acid-albumin  but  a  form  of  hetero-proteuse,  as  it 
became  converted  into  dysprottose  on  .standing.  The  heat- 
I  Cftagulated  proteitl  was  a  heteroproteose  which  was  not  precipi- 
tated by  iieutruUsalioii.  In  diffurc-nt  uxporimonts  the  quantity 
of  the  neutralisation  precipitate  and  that  thrown  down  on 
boiling  varied  inversely,  pointing  therefore  to  their  botli  being 
tho  same  proteid.  which  did  not  always  behave  in  the  same 
way  with  regard  to  the  reaction  of  the  Liquid.  The  precipitate 
given  by  the  alcohol  was  a  mixture  of  proteoses  and  peptone. 
When  dissolved  in  water  the  former  wore  separated  from  the 
latter  by  saturation  of  the  s^^ilution  with  ammonium  sulphate, 
and  were  found  to  consist  of  a  mixture  of  proto-  hetero-  and 
deutero-proteose.  Tho  peptone  was  almost  if  not  entirely 
antipeptone,  The  course  of  action  was  thus  found  to  be  almost 
identical  wiih  that  of  pancreatic  trypsin,  but  there  was  no 
hemipeptoue.  The  amount  of  crystalline  amide;^  indicated  that 
the  latter  had  been  entirely  decomposed. 

When  the  digestion  was  carried  out  in  neutral  solution,  in 
the  presence  of  1  per  cent,  sodium  chloride,  the  course  of  action 
was  similar,  but  the  heat* precipitate  was  in  greater  quantity 
and  consisted  chielly  of  dysproteose,  which  yielded  deutero- 
proteose  on  further  digestion.  The  greater  part  of  the  peptone 
was  autipeptone,  but  some  hcmipeptone  appeared  to  be  present 
as  well.  The  protcowcs  mixi-d  with  the  peptone  contained  no 
heteroproteose,  and  the  leucin  and  tyrosin  were  in  smaller 
quantities  than  in  the  acid  digestion. 
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nbrin  was  not  digested  bo  easily  in  neutral  as  in  acid 
■nlatifM  of  the  taajme,  and  the  preeenoe  of  soch  a  salt  aa 
aoifiim  AIwmU  vaa  atmoat  <'aripntial  to  the  activity  of  the 
brovnelin  in  the  former  caa& 

Whea  nnagnlatfd  egg-albumin  was  sutstitated  for  fibrin 
■ereral  dillereooea  were  manifested.  The  ooagakted  albumin 
from  3  dooen  eggs  was  digested  with  2  litres  of  distilled  water 
and  *$  gram  of  bnmiclin  for  40  hoars  at  40"  C.  under  antiseptic 
precaotiona.  There  wbs  then  atll!  tiome  insoluble  re«iduc^  con- 
sisting of  antialbamid  with  a  little  andigested  albumin.  The 
liquid  had  become  slightly  arid  but  neutralisation  gave  no 
precipitate,  oor  was  there  any  ooagulum  formed  on  boiling. 
Aloobol  threw  down  a  mixture  of  proteoees  and  peptoae,  and 
the  filtrate  from  this  yielded  leadn  and  tyrosin.  There  was 
very  little  proto-  or  hetero-proteoso,  these  having  probably  been 
fmther  bydrolysed  during  the  somewhat  prolonged  period  of 
digestion;   abundant  deutero-proteose  was  present 

The  action  of  bromelin  on  myosin  was  also  examined.  It 
digested  this  proteid  best  in  "025  per  cent  hydrochloric  add 
aolution.  The  courae  of  digestion  showed  a  difference  in  one 
respect  from  what  was  observed  in  the  other  cases.  Shortly 
after  it  had  begun  the  solution  became  thick  and  semi< 
gelatinous  from  the  separation  of  what  appeared  to  be  add- 
atbumin.  This  disappeared  however  as  the  action  proceeded. 
In  other  reepects  myosin  behaved  like  the  other  proteids, 
yielding  proteoses,  peptone,  and  amides. 

Careful  quantitative  analyses  of  the  bodies  formed  daring 
the  digestions  showed  a  gradual  decrease  in  the  nitrogen  they 
coutained.  suggesting  successive  separations  uf  nitrogen-con- 
taining radicals.  Thus  while  myosin  contains  16*86  percent, 
of  nitrogeu,  the  neutralisation  precipitate  only  contained  15*8. 
and  the  deutero-albumose  13*9  per  cent.  Somewhat  singularly 
the  peptone  prepared  from  albumin  contained  1 4*5  per  cent 
and  that  from  uiyosin  157  per  cent,  of  nitrogen. 

The  effect  of  various  quantities  of  different  acids  on  the 
action  of  bromelin  on  fibrin  is  expressed  in  the  following 
table. 
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Acid 
Dfled 


With  NftCL  prepnnUioD 


With  UgSO, 
preparation 


With  (NH^),804 
prap«r4tMD 


Acetic 
Citric 

TartaritJ 
Oxalic 


Eiutymo  olmoet  iniuitive 

With  -012%  active :  activity 
increase's  with  incroaiw  of 
acid  up  to  •025%;  then  i» 
not  altered  uji  to  06 '^/j,; 
then  decreaiies,  and  ceaaea 
with  -1% 

Almost  inactive  uji  to  '26% ; 
then  iH  active,  ami  remains 

HO  up  to  1  '7o 

Activity  begins  with  -03%; 
remauis  good  up  to  "12  % ; 
then  declines,  is  JDiictive 
with  1% 

Slight    action    with   "06%; 

nuiximum  with  "IS— 1% 
Active  only  with  •l2—-t6\; 

inactive  with  1  % 


As  with  NaCl 
preparation 

Increases  up  to 

•05%;  above 
thiH  concen* 
tratioH  activ* 
ity  declines 


A-s  with  NaCl  pr^ 
par&tion 

As    with    MgSOf 
propamtion 


As  with  NaCl  pre- 
|>arH.tion 

Maximum  activity 
with  •5—1-6% 


Maximum  activity 
with -26— -6% 

With  egg-albumin  coagulated  hy  boiling,  bromelin  was  moat 
active  iu  neutral  soliitinns;  plight  amounts  of  hydrochloric 
acid  (012— ■02.'>%)  did  not  inhibit  it,  nor  did  025'/,  of  sodium 
carbonate;  organic  acids  interfered  with  the  action;  '1*/^  of 
citric  acid  reduced  it  in  the  proportion  of  31  ;  12*5. 

With  raw  egg-albumin  different  acids  showed  further  varia- 
tions. Hydrochloric  acid  in  a  series  of  experiments  gave  the 
following  results  when  lOc.c.  of  albumin  solution,  "0.5  gm, 
bromelin,  and  90  cc.  water,  were  digested  for  16  hours  at  40°  C. 
in  the  presence  of  thymol : 

Kentral  (stanHard)  HCl  '012%  HCl  -OaSVa  HCl    1% 

digested  ie'G%  digested  17-37o  digested  2r97„  digested627. 
Sodium  carbonate  was  prejudicial  to  a  greater  extent;  in 

the  presence  of  *05%  only  *S*/t>  of  the  albumin  was  digested. 
In  another  series  of  experiments,  carried  out  with  the  same 

relative  proportion  of  bromelin  and  proteid,  the  effect  of  other 

acids  was  examined,  with  the  results  shown  in  the  following  table: 


Percentage  of   \ 
prot«id  digested  | 


Neutral 
(fttaodard) 

35  6 


TorUrio 
0-26  % 

23-3 


Tartaric 

0-5% 


Oxalio 
0-1% 


Citric 
01% 


Ciirio 
0-2% 


16-6        190      18-6     18-7. 
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The  effect  of  ueutral  salt^  on  the  action  of  bromelin  varied 
agaiu  with  the  prepamtioii  of  the  enzyme  used,  vdih  the 
particular  proteid  digested,  and  with  the  reaction  of  the 
digesting  fluid  With  neutral  preparations  digesting  Bbriu,  the 
NaCI  preparation  was  assisted  by  the  presence  of  I — 37o  of 
neutral  balta,  the  other  two  by  proportions  rauging  from 
1 — 5'/»,  but  larger  quantities  than  these  were  prejudicial  to 
the  action.  Neutral  Hiiltu  did  not  affect  acid  digestions  unlees 
they  were  present  in  large  amounts. 

They  did  not  facilitate  ueutral  digestions  of  coagulated 
e^-albumin. 

The  neutralised  pine-apple  juice  works  most  powerfully  at 
a  temperature  ranging  from  50" — 60°  C,  and  still  shows  con- 
sidenible  action  even  when  heated  to  70°  C 

With  the  precipitated  enzyme  the  effect  of  temperature 
upon  the  working  is  shown  in  the  following  table,  the  conditions 
of  the  digestion  being  10  grams  of  coagulated  egg-albumtn. 
•05  gram  of  the  precipitate,  and  100  c,c.  of  water,  digested  at 
the  temperatures  quoted  for  5  huurH : 


I 


Tomperaturt 

PeroODtHgo  of 
piottiid  digested 

40°  C. 

7-8 

45' C. 

9*6 

&0'C. 

11-4 

55' C. 

11-9 

60"  C. 

12-5 

65"  C. 

9*i 

70' C. 

8-3. 

The  optimum  point  here  is  about  the  same  as  for  the 
neutralised  juice. 

Papain, 

The  fruit  of  the  Papaw  tree  has  long  had  traditionally  the 
property  of  rendering  meat  tender  when  cooked  with  it. 
During  recent  years  it  has  been  ascertained  that  the  juice  of 
the  fruit  contains  a  proteolytic  enzyme  of  considerable  power. 
It  was  first  investigated  by  Wurtz  in  1879 ;  he  discovered  that 
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the  enzyme  ih  not  confined  to  the  juice  of  the  fruit,  but  is 
predeot  also  in  tlie  mip  obtainable  from  the  stem  and  leaves. 
It  can  be  prepared  in  a  very  crude  condition  by  expressing  the 
juice  Irora  the  tissues  of  the  plant,  udding  alcohol  till  a  pre- 
cipitate falls,  collecting  the  latter  by  filtration,  washing  it  with 
absolute  alcohol,  and  drying  it  at  a  low  temperature.  The  sap 
extracted  from  the  plant  is  neutral  in  reaction  and  contains 
proteid  matter  in  solution.  Wurtz  considered  that  the  enzyme 
was  itself  a  proteid.  and  gave  as  its  reactions  that  it  is  not 
precipitated  on  boiling,  gives  no  precipitate  with  corruaive 
sublimate,  gives  a  precipitAtt;  with  nitric  or  hydrochloric  acid,' 
which  is  suluble  iu  excess  of  the  precipilaut ;  also  gives  a  pre- 
cipitate with  acetic  acid  and  potassic-ferrocyanide.  Wurtz  says 
further  that  in  a  neutral  stjiution  it  dissolves  animal  proteids,  with 
fornmtion  of  peptones  and  leucin.  At  the  time  when  he  wrote, 
the  dififerences  between  peptone  and  intermediate  products, 
particularly  albnmoses,  were  not  understood,  and  many  bodies 
of  the  latter  class  were  incorrectly  considered  to  be  peptones. 

A  more  complete  examination  of  the  papaw  juice  and  of  the 
euz^mes  it  contains  was  made  by  Martin  in  1883  and  ISS*. 
He  found  that  the  proteids  iu  the  neutral  juice  consisted  of  an 
albumin,  a  globulin,  and  two  forms  of  albumose,  which  he 
named  a-  and  ^S-phytalbumose.  Comparison  of  these  bodies 
with  those  more  recently  investigated  points  to  the  former 
being  a  form  of  proto-proteose  and  the  latter  related  to  the 
hetero-proteoses.  Aa  we  have  seen,  comparatively  little  was 
knotvn  of  the  character  and  behaviour  of  the  proteuses,  or 
albuinoses  until  they  received  ciireful  study  in  the  laboratorj' 
of  Professor  Chittenden,  of  Yale  University.  A  comparison 
of  Martin's  two  budies  with  the  several  classes  of  proteoses 
described  by  Chittenden  leaves  little  doubt  that  they  may 
be  considered  forms  of  proto-proteose  and  hetcro-proteose  re- 
spectively. Martin  found  that  the  pa]iaw  juice  contaius  two 
enzymes,  one  capable  of  curdling  milk  (rennet),  and  the  other 
the  proteolytic  one,  now  known  as  papttin.  The  latter  is 
associate<l  closely  with  the  a-phytatbumose,  or  probo-pi'Oteoae. 

Martin  agrees  with  Wurtz  that  the  action  of  |)a()ain  takes 
place  best  in  a  neutral  medium  like  that  of  the  fresh  juice. 
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When  fairly  pure  it  is  easily  destroyed  by  hydrochloric  acid  of 
greater  concentration  than  '05  7»,  but  in  a  faintly  alkaline 
medium,  such  as  a  25  per  cent,  solution  of  sodium  carbonate, 
it  18  olmoat  if  not  quite  as  active  as  in  a  neutral  one.  A 
higher  percentage   of  alkali  destroys  it. 

Martin  has  stated  that  the  optimum  temperature  for  papain 
digestion  ia  35° — 40"  C,  though  it  is  active  at  lower  tem- 
peratures, such  as  1.^"  C. 

When  fibrin  is  subjected  to  the  action  of  papaiu  in  neutral 
solution  it  is  affected  as  it  is  by  pancreatic  trypsin,  being 
corroded  rather  than  dissolvetj,  and  converted  into  a  pultaceous 
mass,  a  good  deal  of  turbidity  accompanying  the  acti<jn.  The 
products  of  the  digestion  Martin  determined  to  be  a  globulin- 
like  body,  apparently  intermediate  between  a  true  globulin  and 
aUcali- albumin,  some  peptone,  and  leucin  and  tyrosia,  the  leucia 
being  in  th«  greater  proportion  of  the  two. 

Martin  also  examined  with  considerable  minuteness  the  action 
of  papain  on  the  proteids  of  the  papaw  juice.  When  digested 
with  the  globulin  or  the  albumiu  a  small  4uautity  of  an  insoluble 
re^iidue  was  left,  which  wuh  pmbabty  a  form  of  antialbumid, 
such  as  Chittenden  obtained  with  bromelin.  At  the  end  of  the 
digestion  the  most  prominent  bod>  found  in  solution  was  the 
hetero-proteuse  which  Martin  called  )9-phytalbumose,  while 
traces  of  peptone  and  both  leucin  and  tyrosin  were  also  present 

Digestion  uf  the  a-phytalbumose  or  proto- proteose  yielded 
a  tittle  antialbumid,  a  quantity  of  a  deutero-proteose,  no 
pept-one,  and  a  certain  amuunt  of  both  leucin  and  tyrosin.  The 
^-phytalbumose  showed  the  same  decomposition. 

It  ueems  probable  from  Martin's  experiments  that  the  coui'se 
of  proteolysis  in  the  papaw  is  the  same  as  that  brought  about 
by  bromelin.  The  juice  as  it  is  extracted  from  the  plant 
contains  the  two  albumoses  or  pmteoseH,  but  it  seems  quite 
likely  that  these  are  formed  by  the  action  of  the  enzyme  before 
the  juice  is  extracted  and  are  not  the  primary  proteids  of  the 
plant.  Both  yield  the  deutero-albumose  when  subjected  to 
the  action  of  the  separated  papaiu. 

The  native  albumin  and  globulin  are  both  capable  of  giving 
rise  to  the  hetero- proteose  in  the  course  of  laboratory  expert- 
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meats,  and  it  is  not  improbable  that  the  pruto- proteose  may  be 
formed  at  the  Bame  time,  but  may  undergo  further  hydrolysis 
as  fast  08  it  appears.  If  thiH  is  th«  coHe  the  course  of  proteolysis 
proceeds  ou  exactly  the  same  Uaes  as  that  set  up  by  bromeliiu 
The  primary  proteids,  albumin  and  globulin,  yield  at  the  out8et 
the  two  proteoses,  proto-  aud  hetero- proteose,  which  may  come 
from  both  the  hemi-  aud  anti-residues  of  the  primary  cleavage. 
The  anti-residue  also  gives  rise  to  the  small  amount  of  anti- 
albomid,  which  occurs  in  thiscaseasitdoesin  bromelin  digestions. 
The  proto-  and  hctero-ppoteoses  on  further  digestion  yield  deu- 
tero-proteosc,  which  Chittenden,  as  already  mentioned,  has  shown 
to  be  a  stage  nearer  to  peptone.  The  deutero-proteose  is  then 
hydrolyeed  to  peptone.  Being  itself  derived  from  the  piMieoses 
of  both  the  anti-  and  the  hemi-group.  the  peptone  as  formed  is 
a  mixture  of  antipeptone  and  heinipeptoue.  The  latter  is 
split  up  into  Icuciii  and  tyrosin,  while  the  former  remains  as 
peptone  at  the  end  of  the  digestion. 

Martin's  results  have  since  been  confirmed  by  other  ob- 
servers. Davis  has  found  further  that  the  action  of  the  enzyme 
is  slightly  improved  by  the  presence  of  "OOo  per  cent,  of 
hydrochloric  acid,  or  '25  per  cent,  of  sodium  carbonate,  but  is 
inhibited  entirely  by  "05  per  cenl  of  hydrochloric  acid. 

Sharp  agrees  with  Martin  that  proto-  hctero-  and  deutero- 
proteoses  are  formed  during  the  digestion  of  albximin,  but  he 
doubts  the  production  of  peptoue.  He  says  that  a  little  dys- 
proteose  also  occurs. 

Halliburton  says  that  papain  converts  animal  proteids  into 
pn>tei)scs  and  peptone,  but  that  when  acting  on  vegetable 
proteids  it  stops  short  at  the  proteoses,  no  peptone  being 
formed. 

It  is  difticulfc  to  reconcile  these  statements  as  to  the  non- 
formation  of  peptone  with  the  appearance  of  leucin  aud  tyrosin. 
The  latter  have  not  been  <letermined  to  arise  from  the  direct 
decomposition  of  proteoses.  We  must  conclude  that  in  the 
experiments  of  these  writers  the  peptone  was  altogether  decom- 
posed. Martin  notes  the  same  disappearance  of  the  peptone 
when  digesting  some  of  the  albumoses. 

Uelbing  and  Paasmore  found  peptones  in  the  papain  diges- 
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tton  of  both  myosio  and  egg-albumin,  and  separated  them  from 
the  other  proteids  by  saturatiou  of  the  Uquid  with  ainiuoDium 
sulphate  according  tu  the  method  adopted  by  Chittenden. 

Rideal  also  claims  to  have  ahowii  the  exiHtonco  uf  peptone 
in  papain  digestions  by  determining  the  rat^  of  dialysis  of  the 
proteids  through  a  parchment  membrane.  When  experimenting 
with  egg-albumin  he  placed  the  whole  product  of  the  digestion 
in  a  dialyser  and  found  evidence  of  pi-oteid  in  the  water  outside 
it  in  10  minutes.  Though  the  proteoses  arc  capable  of  dialysing 
through  a  parchmeut  membrane  the  rate  of  their  diffusion  ia 
very  slow  compared  with  that  of  peptone.  Rideal  concludes 
that  the  rapidity  of  the  passage  points  unmistakcabty  to  the 
presence  of  pei)toue  am  well  as  proteose.  He  confirme<l  this 
result  by  the  method  of  saturating  the  liquid  with  ammonium 
sulphate. 

Recent  work  carried  out  in  Chittenden's  laboratory  fully 
confirms  the  statement  of  previous  writers  that  true  peptone  is 
produced  by  papain.     Neumei«ter  makes  the  same  assertion. 

Rideal  calls  attention  to  the  fact  that  papain  in  most 
active  when  working  in  a  relatively  small  amount  of  fluid. 
Dilution  of  the  digestive  solution  exercises  a  very  marked 
retarding  influence  on  the  pi-ogress  of  the  hydrolysis  He  says 
the  most  advantageous  quantity  of  liquid  to  use  is  Irom  1^ 
to  3  times  the  weight  of  the  proteiii  Hubmitted  to  the  action  of 
the  enzyme. 

He  finds  the  optimum  temperature  for  the  working  of 
papain  to  be  40°  C. 


Otlt^  VegetabU  Ttyptins. 

The  occurrence  of  proteolytic  enzymes  in  those  seeds  whoso 
reserve  stores  consist  largely  of  proteid  materials  was  suspected 
almost  as  soon  as  the  existence  of  diastase  was  demanstrated 
in  them.  The  search  for  them  was  first  undertaken  by  von 
Gorup-Besanez  in  187 1.  He  detected  such  an  enzyme  in  the 
seeds  of  the  Vetch,  and  subsequently  in  those  of  Hemp,  Flax, 
and  Barley.  He  describes  it  as  having  power  to  convert  fibrin 
into  peptone,  but  apparently  he  did  not  investigate  its  action 
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upon  the  protcids  with  which  it  is  associated  in  the  nccda 
Beyond  pointing  out  its  existence  his  work  does  not  give  us 
very  much  information  about  it.  Ki-auch  writiDg  in  1878 
opposed  the  views  of  von  Gorup-Beuanez  and  denied  the 
existence  of  auch  an  enzyme.  Von  Gorup-Bcaanez  says  that 
the  body  he  prepared  from  the  vetch  seed  dissolved  the  fibrin, 
and  that  the  solution  when  filtered  gave  a  gooJ  biuret  reaction, 
which  he  attributed  to  peptone.  Krauch  insisted  that  the 
biuret  reaction  was  due  to  something  present  in  the  extract  of 
the  seeds  and  was  readily  yielded  by  the  tatter  alone.  He 
attribute<l  the  diminution  of  the  fibrin  to  shrinkage  of  its  sub- 
stance and  not  to  solution.  Krauch's  work  howevt^r  apprau-s  un- 
trustworthy, for  von  Oorup-Beaanez  says  the  diminution  of  the 
fibriu  went  ou  to  the  point  of  disappearance,  and  this  Krauch 
does  not  explain.  Neither  does  he  show  that  thert*  was  tio 
further  fcjrmation  of  a  body  giving  thn  biuret  reaction,  though 
the  extract  itself  may  have  shown  the  .same.  Krauch's 
own  control  experiments  were  somewhat  scanty.  Von  Gorup- 
Besanez  did  not  determine  that  the  decomposition  of  the 
fibrin  was  carried  beyond  the  stage  of  peptone,  but  he  points 
oat  that  under  certain  conditions  large  quantities  of  amides, 
such  as  leucin  and  asparagin,  could  be  detected  in  the  shoots 
of  very  young  vetch  plants. 

A  series  of  investigations  was  carried  out  by  the  writer  in 
1886  upon  the  seed  of  a  species  of  Lupin  (Lupimts  hirsutufi). 
The  experiments  were  made  with  germinating  seeds,  germina- 
tion being  allowed  to  proceed  for  four  days,  when  the  radicles 
were  nearly  3  inches  long.  The  cotyledons  were  separated, 
ground  in  a  mill,  and  extracted  with  glycerin,  The  extract 
was  strained  and  dial^-scd  till  free  from  crj'stallino  amides.  Ife 
contained  such  of  the  proteids  of  the  germinating  seeds  as  were 
soluble  in  neutral  fluids. 

This  extract  was  found  capable  of  digesting  fibrin  in 
a  faintly  acid  solution.  The  fibrin  used  was  boiled  in  water 
and  subsequently  in  2  per  cent,  hydrochloric  acid  solution, 
in  which  it  swelled  up  and  became  transparent.  Control 
experiments,  in  which  the  fibrin  was  suspimded  in  dilute  acid 
of  the  same  degree  of  concentration  as  was  used  with  the 
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extract,  showed  that  no  change  took  place  dtirlDg  the  digestion 
unless  the  latter  was  present.  In  the  acid  extract  of  the  seeds 
the  fibrin  became  correded,  causing  the  liquid  to  become  very 
turbid.  It  was  then  gradually  dissolved,  with  the  exception  of 
a  small  araoujit  of  granutar  residue.  Further  control  experi- 
ments* were  conducted  in  which  the  extract  was  boiled. 

The  digestions  were  genenilly  carried  out  in  parchment 
dial}'sing  tubes  and  the  liquid  outside  them  was  frequeutly 
changed.  This  liquid  contained  the  same  percentage  of  acid  as 
that  inside  the  tube.  After  a  short  time  the  dialysates  showed 
the  presence  of  a  peptone,  or  at  any  rate  of  a  body  giving  the 
biuret  reaction,  and  appropriate  treatment  separated  from  them 
crystals  of  leucin  and  tjTosin,  the  latter  in  small  amount  only. 
When  the  dij^estion  had  proceeded  for  some  time  the  liquid 
inside  the  dialyscr  contained  a  protcid  which  was  precipitated 
upon  ueutralisatiou,  aud  was  soluble  in  dilute  acids  and  alkalis; 
a  considerable  amount  of  proteoses,  chieHy  betero-proteose,  was 
also  present.  The  course  of  digestion  thus  appeared  to  be  the 
same  as  that  brought  alxjut  by  papain. 

The  boiled  controls  showed  the  fibrin  intact  at  the  end  of 
the  experiment. 

The  action  of  the  enzyme  was  further  tested  upon  the 
pioteids  of  the  resting  seed.  These  were  three,  a  globulin, 
and  two  albumoses  or  proteoses,  apparently  proto-  and  hctero- 
proteose.  The  action  of  the  glycerin  extract  on  these  was  to 
transform  them  into  what  appeared  to  be  peptone,  and  to  cause 
the  appearance  of  amides,  chie6y  asparagin,  but  a  certain 
amount  of  leucin  as  well. 

Comparing  the  digestive  effects  upon  animal  and  vegetable 
proteids  the  course  of  the  action  seemed  to  be  the  decomposition 
of  a  primary  protcid,  such  its  fibrin,  into  primary  protecisea  and 
acid-albumin,  with  a  small  quantity  of  antialbumid;  the 
primary  proto-  and  hetero-proteoses,  whether  formed  from  the 
fibrin  or  preexisting  io  the  seed,  were  then  changed  into  what 
was  taken  to  be  peptone,  but  which  wus  probably  a  mixture  of 
the  latter  with  deutero-proteose.  This  seems  probable  in  the 
light  of  Chittenden's  work  on  bromolin.  but  no  certain  state- 
ment can  be  made,  as  his  methods  of  separating  the  two  were 
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at   that  time   unknown.     Part  of  the  peptone  was  then  de- 
composed, yielding  the  amides  mentioned. 

The  enzyme  was  found  to  work  most  advantageously  in  a 
liquid  containing  '2  per  cent,  of  hydrochloric  acid,  which 
conreaponded  approximately  to  the  natural  reaction  of  the 
germinating  seeds.  When  the  acid  was  increased  the  diges- 
tion became  much  slower.  The  ferment  was  totally  inactive  in 
weak  alkaUs;  indeed  exposure  to  the  presence  of  5  per  cent  of 
sodium  carbonate  destroyed  it  entirely.  Neutral  salts  such  as 
sodium  chloride  impeded  the  action  but  did  not  destroy  the 
oizyme.  The  optimum  temperature  for  the  activity  of  the 
ferment  was  about  40"  C. ;  it  then  worked  about  twice  aa 
quickly  as  at  the  usual  temperature  of  the  soil. 

Examination  of  the  resting  seed  showed  that  it  did  not  yield 
any  active  enzyme  to  glycerin.  The  glycerin  extract  became 
active  however  on  warming  it  for  some  time  with  a  dilute  acid, 
in  which  particular  it  agreed  with  the  extract  of  the  pancreas. 
The  experiments  therefore  indicate  the  existence  of  a  zymogen 
in  the  seed  which  is  converted  into  an  enzyme  in  the  presence 
of  a  feeble  acid.  It  may  be  noted  that  just  »uch  a  change  in 
the  reaction  of  the  parenchyma  of  the  seed  takes  place  when 
germination  commences.  It  is  difficult,  though  not  impossible, 
to  prove  the  presence  of  the  zymogen,  as  the  digestion  of  the 
protcid  must  take  place  in  the  presence  of  such  an  acid.  It  is 
possible  however  to  confirm  its  exist-enrt'  by  a  method  adopted 
by  Langley  aud  Edkins  in  their  study  of  the  zymogen  of 
pepsin.  A  description  of  this  method  will  be  given  in  a  sub- 
sequent; chapter. 

The  writer  subsequently  detected  the  existence  of  this 
vegetable  trypsin  in  the  germinating  seed  of  the  Castor-oil 
plant  (Ricinus  communis). 

Neumeister  has  siuce  shown  that  a  similar  enzyme  ih  not 
uncommon  in  seedlings.  He  has  extracted  it  from  those  of  the 
Barley,  Poppy,  Wheat,  Maize  and  Rape.  It  does  not  occur  in 
the  early  stages  of  germination  but  is  developed  as  the  ptantlet 
grows,  and  is  plentiful  when  it  has  attained  a  length  of  from  13 
to  20  centimetres.  He  prepared  it  by  a  somewhat  novel 
method.     Having  obtained   an   extract  of   the  seedlings   he 
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soaked  moist  fibrin  in  it.  This  proteid  appears  to  have  the 
property  of  absorbing  the  ferment  from  the  solution.  Fibrin  so 
impregnaUKl  with  the  enzyme,  was  removed  and  placed  in  acid 
or  alkaJine  liquids  and  the  results  observed,  control  experiments 
being  carried  out  in  which  hbriu  that  hod  not  been  in  contact 
with  the  extract  was  placed  in  similar  tiuids.  Neumeis^ter  says 
that  the  enzyme  is  active  only  in  acid  liquids,  and  that  the 
acid  must  be  organic,  oxalic  being  the  best.  Mineral  acids 
such  as  hydrochloric  destroy  it. 

The  coarse  of  proteolysis  in  the  cereals  has  not  been  fully 
investigated  at  present,  but  it  appears  to  present  some  differ- 
ences from  that  already  described.  Osborne  and  Campbell  have 
examined  the  proteids  of  barley  and  of  malt  with  a  view  to 
seeing  what  changes  can  be  traced  during  the  prefiaration  of 
the  latter.  Barley  contains  nearly  11  per  cent  of  proteid 
matter;  of  this  a  globulin,  ed^sitn,  with  a  small  inseparable 
amount  of  proteose,  conBtitut«8  about  2  per  cent;  an  albumin. 
leuctmn,  is  present  to  the  extent  of  '3  per  cent:  and  a  peculiar 
proteid,  kordein,  amounts  to  4  per  cent  The  latter  differs  from 
all  proteids  of  animal  origin  by  being  freely  soluble  in  75  per 
cent,  alcohol,  while  it  is  insoluble  in  water.  The  remainder  of 
the  barley  proteids,  about  4'-5  per  cent,  is  insoluble  in  either 
water, potash,  or  alcohol.  On  examining  malt,  hordein  was  found 
to  have  disappeared,  being  partly  replaced  by  another  proteid, 
also  soluble  in  alcohol,  to  which  the  investigatore  gave  the  name 
bynin.  Another  globulin,  hynedestin.  replaced  the  edestin.  Two 
proteoses  were  present,  amounting  together  to  about  1*3  per 
cent  of  the  total  A  great  deal  of  the  insoluble  proteid  also  was 
jM^sent.  though  nearly  1  per  cent,  less  than  the  ci>rresponding 
body  in  the  barley.  The  total  amount  of  proteid  matter  in 
malt  was  a  Utile  less  than  8  per  cent,  so  that  during  genni- 
nation  about  3  per  cent,  or  nearly  one-third  of  the  whole,  had 
disappeared.  The  authors  conclude  that  the  proteids  change 
extensively  during  germination  before  acquiring  the  ptupcrties 
of  proteoses.  The  proteids  replacing  hordein  and  edestin  are 
richer  in  carbon  and  poorer  in  nitrogen.  The  authora  did  not 
discover  any  enzyme  capable  of  effecting  theee  changes. 

It   was   mentioned  above   that  the  proteolytic    power  of 
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piiie-apple  juice  was  first  observed  by  Morcano.  Some  years 
earlier  he  found  that  the  expressed  sap  of  the  leaves  of  certain 
species  of  Agave  was  capable  of  digesting  meat,  if  the  latter 
was  8oaked  in  it  and  exposed  to  a  temperature  of  35' — 40*  C. 
The  digestion  was  somewhat  slow,  but  after  it  had  continued  for 
26  hours  Marcuno  ascertained  that  about  20  per  cent,  of  the 
meat  used  had  been  converted  into  "peptone."  which  was 
probably  a  mixture  of  peptone  and  pi-otcoscs.  The  results  of 
the  experiments  show  therefore  that  the  Aga\e  contains  a 
proteolytic  enzyme.  The  digestion  proceeded  equally  well  in 
the  presence  of  chloroform,  so  that  it  was  not  due  to  putre- 
factive changes.  Marcano  says  he  has  found  this  proteolytic 
power  in  the  juices  of  a  great  number  of  fruits. 

In  1880  Bouchut  carried  out  some  researches  upon  the  juice 
of  the  common  fig-tree  {Ficus  Canca),  and  found  it  to  contain 
a  powerful  enzyme  capable  of  dissolving  proteid  substances. 
Hansea  investigated  the  same  plant  in  1883  and  1S84  and 
confirmed  Bouchut's  results.  He  described  the  enzyme  as 
working  most  advantageously  in  an  acid  medium,  but  aa  not 
being  without  proteolytic  power  in  an  alkaline  liquid.  The 
enzyme  was  the  subject  of  a  more  extended  research  in  1S90 
by  Mussi.  He  took  the  juice  expressed  from  the  branches, 
leaves,  and  fruit  of  the  fig-tree,  and  after  filtration  to  remove 
the  debris  accompanying  the  liquid  he  precipitated  certain  of 
its  constituents  by  the  addition  of  absolute  alcohol.  Tlie 
resulting  precipitate  was  insoluble  in  water  but  dissolved  easily 
on  the  addition  of  a  trace  of  acid  or  alkali.  When  either  solution 
was  placed  in  contact  with  moist  fibrin  it  dissolved  it  readily. 
Mussi  gave  the  name  Cradina  to  the  enzyme.  It  is  inactive  in 
neutral  fluids.  Mussi  gives  several  reactions  for  it,  but  as  by 
the  method  of  preparation  used  it  must  have  been  very  impure 
these  have  no  particular  importance. 

Another  Indian  fruit,  the  Kachree  gourd  (Cucumis  utilis- 
simus),  was  examined  by  the  writer  in  1892  with  a  similar 
result.  The  fruit  is  in  appearance  much  like  a  small  vegctablo- 
marrow,  about  6  inches  in  length.  It  is  yellow  in  colour,  and 
when  cut  has  an  aroma  similar  to  that  of  the  melon.  Its  pulp 
ifi  extremely  succulent  and  the  expressed  juice  is  faintly  acid  in 
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reaction.  Both  the  juice  and  the  pulp  of  the  pericarp  cooUiu 
au  enzyme  which  is  associated  with  a  globulin-like  protcid> 
The  fcmient  is  luost  completely  extmcted  from  the  pulp  by  a 
dilute  salt  solution,  containing  3  per  cent,  of  sodium  chloride. 
Sacb  an  extract  act«  slowly  on  coagulated  egg-albumin,  yielding 
probeoses,  peptone,  and  leucin.  It  ia  most  effective  in  a  faintly 
alkaline  medium,  less  so  in  a  neutral  one,  and  acts  still  more 
feebly  in  the  presence  of  acid. 

A  proteolytic  ferment  was  described  in  1892  by  Daccomo 
and  Tommaei  as  obtainable  from  Anagallig  arvensU.  It  can  be 
prepared  as  a  white  amorphous  eubstance,  easily  soluble  in 
water.  The  authors  say  that  if  the  fresh  plant  is  reduced  to 
powder  and  kept  in  contact  with  fresh  meat  or  moist  tibriu  for 
4  or  5  hours  at  a  temperature  of  60"  C,  the  proteid  is  consider- 
ably softened,  though  complete  disintegration  is  not  cSccted  in 
less  than  thirty-six  hours.  The  enzyme  is  stated  xo  have  the 
property  of  destroying  fleshy  growths  and  homy  wart£. 

The  normal  action  of  the  proteolytic  imzyraes  so  fiir  described 
is  presumably  intracellular.  This  is  certainly  the  case  with 
the  trypsin  of  germinating  seeds,  which  indeed  is  formed  in  the 
celk  in  which  the  reserve- proteids  lie.  We  find  however  in 
the  vegetable  kingdom  cases  in  which  a  pmteol^'tic  secretion  is 
formed  and  poured  out  upon  the  aur&ce  of  the  plant,  or  into 
particular  receptacles,  to  cany  on  there  a  digestive  process 
remarkably  similar  to  that  of  animals.  The  plants  in  question 
are  the  so-called  inseotivoroas  plants,  which  by  various  methods 
capture,  kill,  and  digest  various  insects  which  alight  upon  them. 
The  must  conspicuous  of  them  are  the  pitcher- plants,  Xepenthes, 
Sarracenia,  Darlingionia,  and  others,  certain  of  the  leaves  of 
which  are  in  part  or  altogether  transformed  into  large  re- 
ceptacles, containing  in  Ufe  a  considerable  amount  of  fiuid. 
Insects  attracted  to  the  plants  are  enticed  into  entering  the 
pitchers  and  are  drowned  in  the  liquid  they  contaiiL  Some  of 
these  plants,  particularly  Sarracenia  and  Darlingtonia,  have 
nothing  but  water  in  the  pitchers  and  the  iusecu  drowned 
therein  undergo  ordin&r}-  putrefaction,  the  products  of  which 
are  absorbed  by  the  plant.  Nepeuthes  stjmds  out  con-spicuously 
frum  these  in  possessing  a  series  of  glandular  structures  in  the 
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lower  portion  of  the  pitcher.  The  glands  secrete  into  the 
pitcher  a  proteolytic  enzyme  by  whose  agency  the  oi-ganisms 
which  are  captured  undergo  a  process  of  true  digestion,  in  the 
lihaenoe  of  putrefactive  changes.  The  liquid  of  the  pitcher 
indeed  has  antiseptic  properties.  The  enzyme  has  generally 
been  compared  to  pepsin,  chiefly  because  during  digestion  the 
reaction  of  the  liquid  is  acid.  It  has  recently  been  shown  by 
Vines  to  have  features  which  associate  it  preferably  with 
trypsin. 

The  existence  of  the  proteolytic  property  in  the  liquid  of 
Nepenthes  was  first  ascertained  in  1874  by  Hooker,  who 
however  did  little  more  than  determine  that  it  is  capable  of 
dissolving  boiled  white  of  egg. 

Lawson  Tait  in  the  following  year  prepfired  the  enzyme  in 
a  crude  fonn  and  sjwke  of  it  as  resembling  pepsin.  A  little 
later  von  Gorup-Besanez  made  a  detailed  study  of  its  action  on 
fibrin.  He  found  it  to  be  capable  of  dissolving  fibrin  with  the 
formation  of  a  soluble  body  giving  the  reactions  of  peptone  so 
far  as  they  were  then  known.  Ue  ascertained  that  for  the 
formation  of  the  en2yme  it  was  necessary  that  the  pitchers 

•  should  be  stimulated  by  the  absorption  of  some  digested 
matter,  much  as  is  the  case  with  the  gastric  glands  of  a 
mammal.  Such  stimulation  was  followed  by  the  secretion  of 
an  acid  liquid  which  had  well-marked  proteolytic  powers. 
The  latter  were  only  manifested  while  the  reaction  remained 
acid  and  were  considerably  greater  at  a  temperature  of  40'  C. 
than  at  20*  C.  These  results  of  von  Gonip-Besanez  were 
confirmed  by  other  observers;  Vines  in  1877  showed  that  the 
pitchers  yield  a  proteolytic  extract  when  pounded  up  and 
mixed  with  glycerin.     Such  an  extract  is  not  quite  so  active  as 

jthe  actual  secretion  of  the  glands  as  it  is  poured  into  the 
pitcher.  If  an  unstimulated  pitcher  is  extracted  with  glycerin 
the  resulting  preparation  is  inactive,  but  it  develops  proteolytic 
powers  if  warmed  for  a  time  with  a  dilute  acid.  The  pitcher 
wall  therefore  contains  a  zymugen,  just  as  du  the  gastric  and 
pancreatic  glands. 

Recently  a  certain  controversy  has  anson  as  to  these 
proteolytic  powers,  Dubois  and  Tischutkin  separately  asserting 
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that  they  have  entirely  foiled  to  obtain  digestion  of  animal 
matter  by  the  aid  of  liquid  in  the  pitchers  when  the  experiments 
have  been  carried  out  uiiflcr  antiseptic  precautions.  They  attri- 
bute the  digestions  observed  by  von  Qorup-Besanez,  Vines  and 
others  to  the  agency  of  bacteria.  On  the  other  hand  Goebel 
maintains  that  he  found  the  liquid  fmin  a  pitcher,  when  made 
acid  with  hydrochloric  acid,  ca{)Hblc  of  readily  digesting  fibrin, 
and  that  when  a  gelatin  fdm  was  inoculated  with  some  of 
the  same  liquid  no  micro-organisms  of  any  kind  made  their 
appearance  upon  it 

lb  is  difficult  to  explain  the  discrepancy  between  these 
statements ;  possibly  the  age  of  the  pitcher,  the  condition  of  the 
plant,  or  some  other  condition  may  affect  the  formation  of  the 
enzjTne.  At  the  same  time  it  is  impossible  to  avoid  laying 
greater  stress  on  positive  than  on  negative  results. 

More  recently  Vines  has  re-investigated  the  subject,  with 
the  result  that  he  has  proved  the  enzyme  to  exist  and  to  be 
tryptic  in  character,  breaking  down  the  digested  protcid  par- 
tially to  the  state  of  amide  cryatallino  bodies.  His  experiments 
were  carried  out  under  strict  antiseptic  precautions.  A  t)*pical 
experiment  carried  out  with  the  secretion  of  Nepenthes  Mitsters- 
iania,  may  be  quoted  here : 

"  Two  test-tubes  were  prepared,  each  containing  5  c.c  of 
neutral  pitcher-li(|uid  and  a  shred  of  fibrin ;  to  the  one  (A), 
5  cc  of  "25%  HCl  were  added;  to  the  other  (B),  5  c.c.  of 
distilled  water:  the  tubes  were  pLiced  in  the  incubator  (about 
35*  C.)  at  11.30  a.m.  At  2,30  p.m.  the  fibrin  in  tube  A  was 
completely  dissolved,  the  liquid  giving  a  good  biuret -reaction. 
The  fibrin  in  tube  B  was  still  undissolved  at  9  am.  on  the 
following  morning ;  5  cc.  of  '25  Yo  HCI  were  then  added  to  it. 
with  the  result  that  tlie  fibrin  had  completely  disappeared]  by 
11.30  am." 

In  considering  this  experiment  it  is  difficult  to  avoid  ad- 
mitting the  presence  of  the  enzyme ;  fibrin  is  not  dissolved  by 
•12,5 7u  H^l  except  with  extreme  slowness;  bacterial  action 
would  not  be  sufficiently  rapid  to  dissolve  it  in  anything  like 
the  time  in  which  it  disappeared. 

Vines  quotes  several  other  experiments  in  which  the  diges- 
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tions  were  carried  out  under  the  influence  of  such  antiseptics 
as  potassium  cyanide,  thymol,  chloroform,  and  corrosive  subli- 
mate. In  all  these  cases  digestion  of  the  fibrin  was  complete 
in  a  few  hours.  Egg-albumin  was  digested  also,  but  not  quite 
90  rapidly.  The  two  proteids  behave  similarly  under  the 
action  of  the  animal  enzymes,  the  digestion  of  tibrio  being 
easier  than  that  of  white  of  egg. 

The  writer  has  also  examined  the  question  of  bacterial 
agency  in  the  process.  Some  faintly  acid  pitcher-liquid  was 
put  into  a  small  bottle  and  a  little  coagulated  egg-albumin 
added.  It  was  then  tightly  corked  and  set  aside.  The  proteid 
was  gradually  digested,  leaving  a  little  grantdar  i*e8idue. 
The  bottle  with  its  contents  was  kept  under  observation  for 
12  months,  and  at  the  expiration  of  that  time  tho  liquid  it 
contained  was  perfectly  limpid  and  clear,  showing  not  a  trace  of 
bacterial  contamination.  Had  the  digestion  been  due  to  micro- 
organisms it  would  have  become  turbid  and  shown  evidence  of 
considerable  growth  in  a  few  days,  as  the  amount  of  proteid  in 
it  was  fairly  large. 

It  has  been  noticed  in  connection  with  many  of  the  enzymes 
we  have  discussed  that  they  exist  in  the  various  juices  in 
as!)ociatiou  with  some  form  of  proteid.  So  closo  is  the  con- 
nection that  many  obsen*ers  have  held  the  view  that  the 
enzyme  and  the  proteid  are  identical.  It  is  interesting  to  note 
iu  the  ciLse  of  Nepenthes  that  Vines  says  many  very  active 
liquids  taken  fi-om  pitchers  contained  hardly  a  trace  of  proteid 
matter;  they  gave  only  a  very  faint  xanthoproteic  reaction,  no 
precipitate  with  nitric  aciil,  or  with  acetic  acid  and  potassic 
ferrocyanide,  and  no  turbidity  when  boiled. 

The  course  of  proteolysis  under  the  influence  of  the 
Nepenthes  enzyme  appears  to  be  similar  to  that  effected  by 
bromelin  and  the  othur  ti-ypsius  described.  There  is  always  a 
little  insoluble  residue  of  the  nature  of  an  antialbumid,  a 
neutralisation  precipitate  which  is  probably  hetero-albumose,  a 
quantity  of  deutero-albumose,  not  precipitated  by  nitric  acid,  a 
variable  but  slight  amount  of  peptone,  and  some  leucin.  Some 
observers  question  the  existence  of  the  pept<me,  but  the  balance 
of  evidence  is  in  &vour  of  its  presence. 
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Besides  the  pitcher-plants,  there  are  others  which  capture 
and  digest  small  insects.  The  chief  of  these  ore  Drotera, 
IHonaa,  and  Pinguicula.  Our  knowledge  of  the  nature  of  the 
eozyines  which  these  form  is  very  much  less  complete  than 
that  which  we  possess  in  the  case  of  Nepenthes,  being  chiefly 
contiDod  to  obserrations  on  the  fate  of  small  pieces  of  nitro- 
genous matter  placed  upon  the  leaves  and  subjected  there  to 
the  action  of  the  secretion  which  exuded  from  the  latter. 

Darwin  investigated  the  behaviour  of  the  loaves  of  Droscra 
in  great  detail.  These  structures  are  provided  with  long-stalked 
glands  which  when  stimulated  pour  out  upon  the  surface  of  the 
leaf  a  peculiar  viscid  secretion  having  an  acid  reaction.  When 
on  insect,  or  a  small  piece  of  nitrogenous  matter,  is  placed  upon 
the  leaf,  the  glands  or  tentacles  bend  over  slowly  and  enclose  it, 
at  the  same  time  pouring  out  the  viscid  fluid.  The  surface  and 
the  margins  of  the  leaves  are  alike  provided  with  the  tentacles, 
but  the  secretion  of  the  central  ones  is  more  acid  than  that  of 
those  at  the  periphery.  The  imprisoned  matter,  living  or  dead, 
is  slowly  dissolved  by  the  secretion,  ami  the  resulting  products 
are  absorbed  by  the  leaf-surface.  Danvin  found  that  the 
secretion  could  dissolve  not  only  prateid  matt^^rs,  but  also 
connective  tissue,  cartilage,  and  gelatin,  while  it  had  no  action 
on  mucin.  The  secretion  of  the  enzyme  tike  that  of  the  animal 
glands  is  dependent  upon  the  absorption  of  nitrogenous  matter 
by  the  leaf,  and  the  acid  is  only  developed  under  the  name 
condition.  If  the  leaf  is  Ktinuilated  by  putting  u^ion  it  a  piece 
of  indigestible  matter,  less  secretion  takes  place  and  the  liquid 
poured  out  has  no  proteolytic  powers. 

Darwin  discovered  that  the  same  enzyme  exists  also  in  the 
leaves  of  Dionsea.  These  differ  in  the  arrangement  of  their 
glands  from  those  of  Droaera;  the  leaves  have  their  upper 
surfaces  covered  with  small,  almost  sessile,  secreting  glands  of  a 
purplish  colour.  Like  the  leaves  of  Drosera  those  of  Dionma  do 
not  secrete  any  enzyme  until  they  are  excited  by  the  abeoq)tion 
of  nitnigenous  matter.  Then  they  pour  out  a  fluid  which  ia 
colourless  and  slightly  mucilaginoua  It  is  more  acid  thau 
that  of  Drosera  and  like  the  latter  diasolvos  cjiagulated  cgg- 
atbumin.     Pinguicula  also  secretes  a  similar  digestive  fluid  on 
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the  edges  of  the  upper  surface  of  the  leaf,  which  folds  over  to 
enclose  its  captives. 

Xo  examination  has  been  made  at  present  of  the  products 
of  digestion  by  these  enzymes.  It  ia  consequently  uncertain 
whether  they  are  peptic  or  tryptic.  From  analogy  with  the 
pitcher- plants  it  seems  probable  that  they  belong  to  the  latter 
categor)',  but  the  point  must  for  the  present  be  left  undecided. 

Similar  considerations  affect  certain  enzymes  which  have 
been  found  to  be  secreted  by  several  of  the  Fungi.  One  of  the 
earliest  known  of  these  is  the  ferment  which  Krukenberg 
found  to  be  procurable  from  the  plasmodium  of  ^^thalium,  one 
of  the  Myxomycetes.  A  glycerine  extract  of  the  plasraodium 
was  found  to  have  very  marked  proteolji-ic  powers  in  the 
preaence  of  lactic  or  hydrochloric  acid.  Knikenberg's  statement 
has  been  confirmed  by  Miss  Greenwood,  who  has  stated  that 
the  Plasmodium  of  another  member  of  the  same  gr-'up  jnelded 
to  '4  per  cent,  hydrochloric  acid  an  extract  which  showed 
marked  solvent  action  on  fibrin. 

Bourquelot  states  that  an  extract  of  the  mycelium  of 
AspergiUas  niger  has  the  property  of  dissolviag  both  fibrin 
and  coagulated  egg^albiimin  when  digested  with  them  for 
2  hours  at  40"  C.  There  is  an  unmistakeable  formation  of 
peptone  during  the  digestion,  which  takes  place  best  in  a 
neutral  medium.  The  extract  of  Aspergillus  has  also  the  power 
of  liquefying  gelatin. 

Bourquelot  has  also  obtained  a  feebly  proteolytic  enzyme 
from  Polyporus  aulfuretis,  and  Zopf  says  that  ferments  of  this 
kind  exist  in  several  other  fimgi.  Bourquelot's  results  have 
been  confirmed  by  Hjort. 

Descending  still  lower  in  the  scale  we  find  evidence  of  the 
probable  existence  of  proteolytic  enzymes  in  Veast  If  thia 
organism  is  kept  in  a  medium  which  supplies  it  with  no 
nourishment,  such  for  instance  as  a  liquid  containing  no  sugar, 
and  if  it  is  at  the  same  time  deprived  of  oxygen,  n  process  of 
true  digestion  of  its  own  protoid  reserve- material  takes  place. 
If  yeast  is  prcsscfl  till  it  is  dry,  and  the  exuding  liquor  collected, 
it  vnW  be  found  to  contain  a  great  deal  of  proteid  material, 
which  forms  a  bulky  coagulum  when   the  fluid  is  heated  to 
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45^  C.  Aft^r  standing  a  few  da^rs  under  antiseptic  precautions, 
(bis  form  of  prot«id  will  have  disappeared,  so  that  the  liquid 
giree  but  a  slight  cuagulum  even  on  boiling.  These  facte  point 
to  the  presence  of  a  proteolytic  enzyme  in  the  yeast  cella. 
Hahn  has  recently  prepared  it  by  the  following  method.  He 
pressed  yeast  till  it  was  dry  and  then  carefully  ground  it  np 
with  kiesclguhr  and  sand  till  the  cells  were  disintegrated, 
when  he  prepared  an  extract  by  making  the  fine  powder  into 
a  paste  with  water.  On  pressing  this  till  the  li4uid  was 
squeezed  out,  a  yellowish  solution  resulted,  which  contained 
a  quantity  of  protcid  material.  Uahn  treated  a  small  volume 
of  this  extract  with  chloroform  and  added  to  it  some  solid 
gelatin  containing  a  trace  of  phenol  He  found  that  an 
appreciable  amount  of  gelatin  dissolved  in  24  hours  and  that 
the  process  of  solution  went  on  till  the  whole  was  liquefied. 
The  absence  of  either  yeast-celts  or  micro-oi^^anisms  was  ensured 
by  the  antiseptics  used. 

Tlie  same  author  in  conjunction  with  Geret  proved  the 
presence  of  the  enzyme  by  another  method.  It  was  stated 
above  that  the  extract  of  the  yeast  contains  a  qnantity  of 
protcid  matter.  The  authors  added  chloroform  to  some  of  this 
extract  and  kept  it  at  a  temperature  of  37*  C.  for  several  weeks. 
The  chloroform  served  two  purposes ;  it  kept  the  liquid  free  from 
microbes,  and  it  slowly  precipitated  the  proteids.  The  bulky 
precipitate  !mj  formed  slowly  but  gradually  diminished,  and  at 
the  end  of  several  days  the  extract  was  almost  clear.  After  this 
stage  was  reached  the  liquid  again  became  turbid  and  the 
turbidity  increased  for  several  days.  The  second  precipitate 
was  found  to  consist  chieHy  of  crystals  of  t>Tosiu,  while  some 
leucin  was  ascertained  to  be  in  solution  in  the  mother  liquor. 

The  course  of  action  was  thus  shown  to  be  comparable  with 
that  taken  by  pancreatic  tr}'psin. 

Various  forms  of  Bacteria  also  are  known  to  form  proteolytic 
enzj'mcs.  In  1887  Bitter  showed  by  sterilising  a  culture  at  a 
temperature  of  60'  C  that  one  of  these  organisms  excretes  the 
enzyme  into  the  medium  in  which  it  is  growing.  He  fotmd 
this  treatment  killed  the  micro-orgauisms,  but  did  not  destroy 
the  enzymes,  which  continued  able  to  liquefy  gelatin  and  to 
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pcptonise  albumin.  Hankin  has  extracted  fmin  the  bacillus 
of  auihrax  {Bacillus  anthracvi)  jui  euxyine  which  is  capable 
of  forming  albumoaes  from  fibrin.  Several  toxic  bodies  of 
this  class  have  been  traced  to  similar  agenc}^  an  extract 
prepared  from  the  organisms  being  capable  of  effecting  the 
proteolysis  in  the  absence  of  the  cells.  The  ordinary  putre- 
factive bacteria  may  excrete  or  yield  an  enz^Tue  resembling 
tr3rp8in  in  its  action  on  proteids.  Sirotinin  has  shown  that 
culture  fluids  in  which  certain  microbes  have  been  growing 
have  been  able  to  liquefy  gelatin  after  they  have  been  filtered 
through  porcelain.  The  conditions  of  life  of  these  bacteria 
frequently  influence  the  secretion  of  the  enzyme.  Lauder 
Bnmton  and  MacFiidycn  found  that  a  particular  microbe 
secreted  a  proteolytic  enzyme  when  it  was  cultivated  in  meat 
broth,  but  not  otherwise.  Indeed  the  secretion  shnwed  a  very 
definite  relationship  to  the  culture  medium,  having  diastnsic 
powers  when  the  latter  consisted  of  starch-paste.  Tlie  two 
enzymes  were  quite  distinct,  the  proteolytic  one  being  most 
easily  extracted  when  present.  Acids  favoured  and  alkalis 
impeded  its  activity. 

Among  the  microbes  which  secrete  proteolytic  enzymes  may 
be  named  four  which  are  well  known.  These  arc  Koch's 
cholera  bacillus,  Deneke's  cheese-hacHlus,  Finkler's  cholera- 
nosiras-hacillus,  and  Milter's  bacillus.  The  enzymes  have  been 
extracted  by  Wood  from  culture  fluids  in  which  the  microbes 
had  grown,  aud  which  had  .subsequently  been  sterilised  by 
antiseptics.  Wood  found  that  the  engines  from  the  different 
bacilli  varied  a  good  doal  in  their  jwwer  of  resisting  the 
influence  of  acid  media,  those  from  Koch's  bacillus  being 
destroyed  by  very  little  acidity,  while  those  fixim  Fiukler's  and 
Siiller's  bacilli  could  act  in  distinctly  acid  solutious.  Wood 
Doticc<l  that  the  bacilli  themselves  showed  a  varying  suscepti- 
bility to  acids  exactly  corresponding  to  that  of  the  enzymes, 
Tignat  discovered  that  B.  ntesentericaa  vulgatas  secretes  a 
peptonising  ferment,  in  addition  to  those   nti'eady  mentioned. 

The  proteolytic  enzyme  in  all  these  bacteria  is  associated 
with  at  least  one  other,  generally  rennet 

Fermi  has  ascertained  that  the  proteolytic  enzymes  secreted 
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by  several  Schizomycetes  have  the  power  of  liquefying  gelatin, 
and  that  this  corresponds  to  their  ability  to  form  peptone  from 
fibrin.  He  has  found  such  enzymes  in  cultures  of  Bacillus 
suhtilis,  B.  anihmcis,  B.  megatherium,  B.  pyocyaneia,  Vibrio 
cftolertte  asiaticae,  V.  Finkler- Prior,  ^f^cr<xocc^ts  prodigiosua, 
M.  asco/oj'mia,  M.  ramostts,  and  a  few  others.  Fibrin  is  dis- 
solved by  the.sc  enzymes  an  well  as  gelatin,  though  with  a  little 
gfreater  difficulty.  Egg-albumin  and  coagulated  scrum-albumin 
are  still  more  resiHtant,  so  that  the  enzymes  hardly  correspond 
to  either  pepsin  or  trypsin.  Indeed  Fermi  gives  reasons  for 
auppasing  that  several  enz3mies  exist  in  these  plants,  pointing 
out  thafc  they  are  destroyed  at  different  tcmpcraturei*.  Thus 
the  enzyme  of  Micrococcus  prodigiosus  is  unable  to  work  at 
a  temperature  of  55"  C,  while  those  of  Bacillus  pyocyaneus, 
B.  anthntcis  and  Vibrio  Finkler-Prior  are  not  rendered  inactive 
till  heated  to  60 C,  Co' C.  and  70' C.  respectively.  These 
enzymes  resemble  trypsin  in  working  most  advantageously  in 
faintly  alkaline  solutioue,  though  they  will  attack  n  solution  of 
gelatin  containing  "5  per  cent,  of  hydrochloric  acid. 

Another  proteolytic  enzyjne  has  been  described  by  Duclaux 
which  is  a.ssociated  with  the  digestion  of  casein  or  tyrein  both 
in  milk,  and  in  cheese  during  the  operation  of  ripening.  He 
gave  it  the  name  of  casease.  It  is  secreted  by  several  specie* 
of  bacteria  belonging  to  the  genua  Tyrothir,  which  also  contain 
a  rennet  ferment  such  as  will  be  described  in  a  »>ub8equent 
chapter. 

Thi.s  proteolytic  enzyme  can  be  precipitated  ftx>m  a  culture 
of  any  of  these  species  by  the  addition  of  a  large  excess  of 
alcohol  It  acts  not  only  on  the  clotted  proteid  produced  by  the 
rennet,  but  on  the  unchanged  casein  of  the  milk,  and  its  action 
can  be  traced  by  the  disappearance  of  the  opalescence  of  the 
liquid,  a  fat-splitting  enzyme  being  associated  with  it.  Thia 
enzyme  occurs  also  in  the  hepato-pancreatic  secretion  of  Sepia, 
which  has  the  same  effect  on  milk.  Casease  is  a  tryptic  ferment, 
leucin  and  tyro-^jin  being  formed  among  the  products  of  its 
activity.  When  it  is  working  in  the  cheese  it  produces  also 
the  amido-bodies  already  mentioned  which  occur  together  with 
other  products  that  are  traceable  to   the   metabolic  activity 
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of  the  micro-oi^anisros.  Weigraann  Htiitcs  that  caseasc  can 
be  prepared  from  bacterial  cultures,  and  that  when  added  to 
fresh  cheese  it  accelerates  its  ripeuing  just  as  do  the  urgauisins 
themselves. 

On  a  review  of  all  these  vegetable  proteolytic  enzj'mes  it 
will  be  seen  that  our  knowledge  is  not  at  present  sufficiently 
deHnlte  for  ua  to  say  whether  we  have  to  do  with  one  or  many. 
Some  of  them  may  be  peptic  only,  though  it  seems  probable 
that  they  are  all  tryptic.  Those  which  have  been  at  all  ex- 
haustively examined  undoubtedly  carry  the  proteolysis  to  the 
stage  of  cryi^talline  amides.  We  do  not  yet  know  again  whether 
there  is  one  enzyme  only,  varjang  somewhat  in  its  features 
according  to  the  conditions  of  its  Becretion,  or  whether  the 
different  plants  discussed  yield  different  varieties  of  trypsin. 
Bronielin  and  papain  certainly  show  very  little  difference  in 
their  behaviour,  and  one  is  tempted  to  pronounce  them  iden- 
tical. For  the  present  however  it  is  perhaps  advisable  to  leave 
this  question  undecided. 

The  identity  of  the  trypsins  of  animal  and  vegetable  origin 
is  not  established.  From  a  consideration  of  the  composition  of 
the  proteoses  and  peptone  formed  during  their  respective  action 
Chittenden  has  concluded  them  to  be  different  bodies.  Speaking 
of  bromelin  he  aaya,  "  We  are  impressed  with  the  exceptionally 
low  percentage  of  nitrogen  in  the  deutero-albiimoso  and  pep- 
tone. In  fact  this  is  so  contrarj'  to  our  genei-al  experience 
with  digestion  products  formed  by  animal  ferments  that  we  are 
forced  to  consider  it  as  something  peculiar  to  the  vegetable 
ferment.  As  is  well  known,  secondary  proteoses  and  peptone 
fonned  by  the  action  of  pepsin  and  trypsin  usually  show  a  much 
lower  content  of  carbon  than  the  proteid  undergoing  digestion, 
as  in  the  bromelin  pro<lucta,  but  the  percentage  of  nitrogeu  is 
ordinarily  increased  in  proportion  to  the  decrease  of  carbon.... 
The  vegetable  ferment  bromelin  is  peculiar  in  giving  rise  to 
secondary  prote<jses  and  peptones  with  a  much  lower  percentage 
of  nitrogen  than  is  contained  in  the  mother  proteid,  thus  im- 
plying a  cleavage  of  a  nitrogen-containing  radical  as  part  of  the 
proteolysis.  This,  if  true,  would  constitute  a  good  ground  of  dis- 
tinction between  the  animal  and  vegetable  proteolytic  ferments." 


CHAPTER  XIV. 


Rf-SPUTTING   ENZYMES,       LIPASE.      (P/Ainf^  STS4PSfX) 


The  trans fonnations  which  attend  the  digestion  of  hi  in 
the  mammalian  alimentary  canal  are  twofold  A  variable 
quantity  of  the  fat  of  a  meal — considered  by  some  ph^-siologista 
the  greater  part — appears  suspended  in  the  liquid  contents  of 
the  intestine  in  the  form  of  very  fine  globules  which  show  no 
tendency  to  run  together.  Such  a  condition  constitutes  what 
is  known  as  an  emuhimu  It  is  appaieutly  a  purely  physical 
conditiou,  and  the  unaltered  fat  can  be  separated  from  the 
liquid  by  shaking  the  latter  with  ether.  This  is  the  condition 
in  which  the  fat  remains  permanently  in  milk.  But  beside 
this  physical  change  a  chemical  alteration  also  occurs,  the 
molecule  of  the  fat  being  hydrolysed,  with  the  result  that  it  is 
decomposed  into  fatty  acid  and  glycerin.  How  much  of  the 
fat  undergoes  hydrolysis  is  at  present  chiefly  a  matter  of 
speculation,  many  observers  thinking  that  only  a  small  per- 
centage is  BO  changed  and  that  the  greater  amouut  is  only 
emulsified  and  absorbed  by  the  intestinal  epithelium  otherwise 
unaltered.  The  two  processes  occur  together  iu  the  duodenum 
and  there  is  Uttle  doubt  that  the  cm uLsifi cation  is  largely 
helped  by  the  coincident  hydrolysis.  A  small  amount  of  soap, 
which  is  forme<]  when  free  &tty  acid  combines  with  an  alkali, 
materially  accelerates  the  process  of  emulsion.  If  a  jieutral 
fat  is  shaken  with  a  dilute  alkali  no  emulsion  occurs,  but  if 
the  fat  is  rancid,  that  is  if  a  little  fotty  acid  is  present,  an 
emulsion  is  very  readily  produced. 

Claud  Bernard  was  the  Hrst  physiologist  to  point  out  that 
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in  the  digestion  of  fat  the  pancreatic  accretion  plays  a  most 
important  part.  He  called  attention  to  the  fact  that  both  the 
phenomeua  mentioned  occur  under  its  inBuence,  showing  that 
when  neutral  oil  and  pancreatic  juioe  are  shaken  up  together 
an  emulsion  rapidly  results,  and  further  that  the  action 
of  pancreatic  juice  on  oil  pnjduces  free  fatty  acid.  In  his 
opinion  the  chemical  change  took  much  longer  to  set  up  than 
the  physical  one.  By  many  physiologists  these  have  both  1>een 
held  to  proceed  from  the  action  of  enzymes,  which  have  been 
called  emulsive  and  saponifying  respectively.  Twenty  years 
after  Bernard  wrote  it  was  establiahed  that  there  is  no  emulsive 
enzyme  but  that  the  emulsion  is  due  to  the  free  fatty  acid  which 
results  frt)m  the  action  of  the  saponifying  one.  Among  the 
workers  upon  whose  investigations  this  view  is  based  may  be 
mentioned  Briicke  and  Gad,  The  enzyme  has  been  variously 
named  by  diiTerent  writers,  having  been  called  Pialyn,  Steapain, 
and  more  recently  Lipase.  The  decomposition  it  sets  up  is 
expressed  in  the  following  equation 

C,H,(C„H„0,),  +  3H,0  =  C,H^HO).  +  3(C„H„0H0) 

Htearin  gtyoorin  Bla&ric  acid 

which  represents  the  hydrolysis  of  stearin,  one  of  the  neutral 
fats. 

The  enzyme  which,  adopting  the  most  recent  terminology, 
we  may  call  Ujhim,  can  he  detected  in  the  secretion  of  the 
pancreas  when  this  is  collected  by  means  of  a  cannula  inserted 
into  the  duct  of  the  gland,  or  it  can  be  prepared  from  a  fresh 
gland  by  extracting  it  with  glycerin  or  water.  It  is  important 
to  use  a  neutral  solvent,  as  the  enzjTne  is  very  eaiuly  injured  by 
acids.  Lipase  has  also  been  found  in  the  vegetable  kingdom, 
where  it  plays  an  important  part  in  the  utilisation  of  the  fatty 
reserve-products  which  arc  stored  in  many  seeds.  During  the 
germination  of  such  seeds  the  fats  undergo  decomposition  with 
the  liberation  of  free  fatty  acids.  The  process  of  emulsion  does 
not  appear  to  occur  as  it  does  in  animals. 

Lipase  has  a  fairly  wide  distributiou  in  the  animal  kingdom. 
In  mammalia  the  great  seat  of  its  formation  is  the  pancreas, 
from  which  it  is  easy  to  extract  it  by  either  of  the  methods 
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already  mentioned.  It  is  said  to  occur  also  in  the  stomach,  but 
in  much  Bmoller  quantity. 

Ilani'iot,  who  has  detected  its  occurrence  in  the  blood  of 
several  vertebrates,  has  tested  its  action  on  monobutyrin.  He 
says  this  body  is  readily  saponified  by  blood  serum  in  neutral  or 
slightly  alkaline  solution,  but  a  cautious  addition  of  alkali  is 
nocessary  as  the  action  proceeds,  for  it  is  inhibited  by  the  free 
&tty  acid  produced  as  soon  as  the  latter  reaches  a  certain  per- 
centage. The  serum  loses  its  power  of  hydrolysing  monobutyrin 
if  it  is  heated  to  90*  C. 

Cohnstein  and  Michoelis  have  also  observed  that  the  blood  has 
the  power  of  causing  the  disappearance  of  the  fat  of  tlie  chyle, 
which  they  attribute  to  a  lipolytic  substance  in  the  red  corpuscles. 

The  power  of  hydrolysing  fats  is  found  also  among  the 
invcrtcbrata.  Fredericq  extracted  from  sponges  a  substance 
which  formed  an  emulsion  with  neutral  fats  and  finally  de- 
composed them  into  fatty  acids  and  glycerin.  The  same  body 
is  present  in  UixtJtter,  one  of  the  Echinodermata ;  also  in  the 
BO-called  liver  of  the  spider,  and  of  the  edible  snail,  the  latter 
only  containing  it  in  summer.  The  "liver"  of  several  of  the 
Crustacea  yields  an  extract  which  appoan  to  have  a  similar 
action,  as  it  renders  milk  transparent.  The  corresponding  organ 
in  Curtain  of  the  Cephalopoda  has  the  same  action,  and  it  has 
been  shown  to  hydrolyse  neutral  fats.  Lipase  has  been  prepared 
from  the  "  liver  "  of  SepicL  The  eggs  of  several  of  the  Crustacea 
have  also  been  shown  by  Abelous  and  Helm  to  contain  this  as 
well  a&  other  enzjTnes. 

The  presence  of  lipase  io  a  solution,  secretion,  or  extract 
can  be  tested  by  preparing  an  emulsion  of  a  neutral  oil,  with 
the  aid  of  a  little  powdered  gum  arabic  and  a  very  little  water. 
The  emulsion  should  then  be  mixed  with  the  extract  and  the 
whole  neutralised  with  care,  as  the  gum  has  sometimes  an 
acid  reaction.  The  whole  may  then  be  digested  at  40**  C. 
together  with  a  minute  quantity  of  neutral  solution  of  litmus. 
If  ihe  enzyme  U  present  the  fetty  acid  it  liberates  fr*im  the  oil 
causes  the  liquid  to  turn  pink  or  red  as  it  affects  the  litmus. 
The  rapidity  of  the  change  of  colour  gives  some  idea  of  the 
amount  of  lipase  present 
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Another  method  which  may  be  used  to  best  smaller 
qaantities  of  solution  is  based  upon  Gad's  experiments  on 
the  spontaneous  emulsions  set  up  when  free  fatty  ticids  aud 
oil  are  added  in  appropriate  quantities  to  dilute  solutions  of 
carbonate  of  sodium.  In  this  case  a  shaking  is  necessar)',  but 
a  beautiful  emulsion  results  as  soon  as  the  liquids  are  brought 
into  contact.    Gad's  method  may  be  described  as  follows : 

Carbonate  of  sodium  solution  of  25  per  cent. strength  is  placed 
iu  a  series  of  watch-glasses,  and  drops  of  oil  contaiuiag  dififereot 
percentages  of  futty  acids  placed  carefully  upon  the  surface  of 
the  alkaline  solution.  With  a  certain  percentage  of  free  fatty 
acid  in  the  oil,  on  emulsion  at  once  results.  If  the  optimum 
percentage  is  present,  this  emulsion  is  iustanUvnuously  complete: 
with  less  or  more  than  this  amount,  the  emulsion  is  more  or 
less  iniperfect.  With  the  percentage  uf  sodium  carbonate 
mentioned  and  at  a  temperature  of  about  18^  C.  the  oil  must 
contain  5'o  per  cent,  of  free  fatty  acid  to  give  the  best  results. 
The  emulsifying  agent  in  this  method  is  the  soap  produced  by 
the  combination  of  the  free  fiitty  acid  with  the  alkjili.  Iu  the 
presence  of  this  no  gum  arabic  is  necessary. 

The  formation  of  a  spontaneous  emulsion  is  therefore  a  very 
satisfactory  test  for  the  presence  of  free  fatty  acid.  If  perfectly 
neutral  oil  is  taken  and  digested  for  a  time  with  a  solution 
containing  lipase  the  euzyme  will  set  free  sufficient  acid  to 
make  tht;  enuilsiou,  while  the  coniplebeness  of  the  latter  will 
depend  upon  the  proportion  so  liberated. 

This  method  has  been  employed  by  Uachford  in  a  series  of 
researches  upon  the  lipase  of  pancri-atic  juice,  and  incidentally 
upon  certain  problems  connected  with  the  digestion  of  fat  in 
the  small  intestine.  Rachfurd  obtained  his  pancreatic  juice 
by  inserting  a  cannula  into  the  pancreatic  duct  of  a  rabbit 
and  collecting  the  secretion  which  exuded  therefrom.  He 
mixed  a  small  quantity  of  the  juice  with  twice  its  volume  of 
neutral  olive  oil  in  a  small  test-tube  and  after  shaking  the 
mixture  he  allowed  it  to  settle.  Separation  of  the  two  fluids 
was  almost  immediate.  Then  twitting  a  drop  of  the  floating  oil  he 
placed  it  upon  the  surface  of  a  smalt  quantity  of  -25  per  cent, 
aotutiun    of  carbonate   of  sodium,   and    noticed    whether  any 
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emulsion  resulted.  After  n  few  minutes'  interval  he  repeated 
the  operation  aud  coutinued  to  experiment  in  the  same  manner 
for  »uine  time.  By  taking  a  scries  of  such  observations,  with 
definite  intervals  of  a  few  minutes  after  each,  he  was  able  to 
see  that  the  power  of  forming  an  emulsion  was  gradually 
developed  in  the  oil.  It  follows  necessaiily  that  lipase  was 
present  in  the  pancreatic  juice  and  that  it  gradually  de- 
composed part  of  the  neutral  oil  used  in  the  experiment. 
Rachford  says  that  the  alkalinity  of  the  juice  employed  was 
not  sufficient  to  absorb  the  free  fatty  acid  liberated,  so  that  tho 
mixture  did  not  form  an  emulsion  in  the  test-tube. 

The  lipase  of  the  pancreas  does  not  appear  to  be  inhibited 
by  the  free  fatty  acid  as  Hanriot  says  is  the  case  with  tho 
enzyme  in  blood.  It  will  decompose  most  of  the  neutral 
fats,  but  its  action  ou  castor-oil  is  comparatively  feeble.  It 
hydrolyses  not  only  the  fats  which  are  Huid  at  the  temperature 
of  the  body,  but  also  solid  ones,  such  as  spermaceti,  though 
its  action  on  these  is  very  slow. 

In  the  process  of  the  digestion  of  fats  in  the  intestine  the 
action  of  lipase   is  complicated  by  the  &ee  acid  which  the 
chyme  contains  as  it  leaves  the  stomach  and  by  tlie  bile  which 
is  poured  into  the  duodenum  coincidently  with  the  pancreatic 
juice.     Rachford  found  that  the  effect  of  the  addition  of 
e<jual  volume  of  bile  to  the  extracted  juice  and  the  oil  in  a 
test-tube  is  to  increase  the  action  of  the  lipase  in  the  proportion  , 
of  three  and  one-fifth   to  one.     If  "25  per  cent,   solution  ot 
hydrociiloric  acid   is  substituted   for   the   bile  the  action   isj 
materially  retarded.    If  however  both  arc  added  simultaneously" 
the  hydrolysis  of  the  oil  is  increased  in  the  proportion  of  four 
to  one.    l*he  influence  of  the  bile  is  chiefly  associated  with  the 
glycocholate  of  sodium  which  it  cont-ains.     Rachford  found  the 
action  of  lipase  was  considerably  impeded  by  excess  of  alkalL 

The  extent  to  which  lipase  takes  part  in  the  process  of  the 
digestion  of  fat  appt;ars  now  to  be  more  considerable  than  was 
fonncrly  supposed.  It  has  been  held  by  many  observers  that 
fat  is  absorbed  by  the  intestinal  epithelium  in  the  form  of  an 
emulsion,  and  that  the  work  of  lipase  is  completed  when  enough 
fat  has  been  decomposed  to  fomi  the  quantity  of  soap  required 
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to  set  up  Bunh  an  emulsion.  Kecent  investigations  have  !ed 
many  physiologists  to  question  the  accuracy  of  this  view  and 
to  hold  that  the  fate  of  the  great  bulk  of  the  fat  is  to  be 
hydrolysed,  and  absorbed  either  as  free  fatty  actd  or  as  soap. 
The  emulsion  may  then  be  regarded  as  helping  the  further 
hydrolysis  and  saponification.  It  is  however  outside  the 
scope  of  the  present  work  to  enter  upon  a  discussion  of  this 
point. 

The  activity  of  lipase  like  that  of  other  enzymes  is  remarkably 
influenced  by  temperature.  The  optimum  point  for  ita  working 
is  not  that  of  the  body,  as  would  be  expected,  but  55°  C.  It 
has  not  so  wide  a  range  as  some  ferments,  being  very  materially 
slowed  by  increassing  the  temperature  to  60"  C,  and  it  ceases  to 
be  active  at  72"  C.  When  the  conditions  are  so  arranged  that 
the  action  is  rapid,  the  amount  of  change  is  proportional  to  the 
amount  of  lipase  present. 

Uanriot  has  published  the  results  of  experiments  made 
with  the  view  of  cimparing  the  activity  of  lipase  prepared 
from  differeni  sources.  The  most  interesting  comparison  is  that 
between  the  enzyme  of  the  serum  and  that  of  the  pancreatic 
juice  of  the  dog.  In  his  researches  he'prepare«i  solutions 
of  lipase  from  the  two  sources  in  such  a  way  that  under 
standard  conditions  they  had  the  same  hydrolysing  action  on 
monobutyrin  in  the  presence  of  a  little  sodium  carbonate. 
When  his  solutions  were  neutralised  and  left  to  work  for 
20  minutes  the  quantity  nf  fatty  acid  liberated  by  the  serum 
was  nearly  twice  as  much  as  that  set  free  by  the  pancreatic 
solution.  It  appears  therefore  that  serum  lipase  is  more 
energetic  than  pancreatic  in  the  presence  of  the  pruducUs  of  the 
action.  Solutions  of  the  two  lipases  that  showed  equal  hydro- 
lytic  power  at  lo'^C.  were  examined  at  different  temperatures. 
Serum  lipase  liberated  one  and  a  half  times  as  much  fatty 
acid  at  30"  C.  and  twice  as  much  at  42*  C.  Panci-eatic  lipase 
showed  no  change  of  activity  through  that  range  of  temperature. 
Serum  lipase  retained  its  activity  for  several  months  under 
antiseptic  precautions,  while  the  pancreatic  enzyme  waa  inert 
after  a  few  days. 

Hanriot  snyd  that  the  lipase  prepared  from  the  senim   of 
o.  p.  15 
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the  boree  is  mAtenally  assUted  by  weak  alk&U.  In  one  case 
he  found  that  the  preseace  of  '2  per  cent,  of  sodiam  carboDate 
increaseil  the  production  of  falty  acids  fourfold. 

Lipase  exists  in  the  v^etable  as  well  as  in  the  animal 
kingdom.  The  very  frequent  occurrence  of  oils  in  seeds  suggests 
that  a  good  deal  of  carbonaceous  matter  is  stored  in  this  form 
for  the  nutrition  of  the  young  embrya  It  is  noteworthy  that 
oil  and  starch  seldom  occur  together  in  seeda  The  tmos- 
fonnations  of  the  oily  reserves  in  many  endoispenns  during 
germination  are  however  very  quickly  followed  by  the  appear- 
auce  of  starch  in  the  yoong  plant,  to  which  the  products  of  the 
germinative  changes  have  made  their  way.  The  view  that 
tfais  indicated  an  actual  transformation  of  oil  into  starch 
was  advanced  by  many  observers,  based  of  course  upon  the 
elementary  facts  of  the  disappearance  of  the  oU  and  the 
formation  of  the  starch.  This  view  was  held  by  Sachs  in  18.>9 
and  by  other  writers  who  followed  him.  More  accurate  views 
were  introduced  in  1U71  by  Muutz.  who  pointed  out  that 
duriug  germination  a  fatty  acid  appears  iu  the  seed,  pointing 
to  a  process  of  hydrolysis  of  the  oil.  Schiitzenberger  in  1876 
showed  that  when  an  oily  seed  i^  bruised  in  water,  an  emulsion 
is  obtained  in  which  careful  observation  will  soon  show  the 
presence  of  glycerin  as  well  as  fatty  acid.  He  pointed  to  the 
evideDt  hydrujysis  going  on  and  suggested  that  it  is  due  to  an 
enzyme.  Detmer  in  1880  attempted  to  reconcile  the  new 
theory  with  the  old  one  by  the  sugijesiion  that  the  fatty  acid 
arising  during  the  hydrolysis  U  the  immediate  antecedent  of 
the  starch,  and  put  forward  the  following  theoretical  equation  to 
explain  the  proceaa : 

Cu,H..O,  +  270  =  2C.H„0,  +  6C0,  +  7H,0. 

It  is  evident  however  that  no  suggestion  involving  the 
direct  transformation  of  oil  into  starch  is  at  all  adequate  to 
explain  the  course  of  events,  for  neither  oil  nnr  starch  is 
difl'usible,  and  as  the  two  bodieti  appear  at  a  cooMdcrable  dis- 
tance from  each  other,  separated  by  a  number  of  cell-membranes, 
there  can  be  no  very  direct  connection  between  the  disappear- 
ance of  the  one  and  the  formation  of  the  other. 
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The  enzyme  whose  presence  was  suggested  by  SchUtzen- 
berger  was  discovered  by  the  writer  in  1889  in  the  geiiuinating 
seeds  of  Ricinus,  the  castor-nil  plant.  Some  of  these  seeds 
were  genninated  for  about  5  days,  until  the  embryo  was  of  some 
considerable  size,  its  hypocotytcdonary  portion  being  2^^  inches 
long  and  a  fair  root  system  developed.  The  eudosperiii  was 
swollen  and  seini-mucitaginous  iu  appearance  where  it  vtas  in 
contact  with  tlie  cotvlfdons.  Such  endoaperms  were  ground  up 
in  a  mortur  with  a  t^olutiou  coiitaiuing  5  per  cent,  of  sodium 
chloride  and  '2  per  cent,  of  potassium  cyanide,  the  latter  being 
used  as  an  antiseptic.  After  standing  24-  hours  the  li(|uid  was 
filtered  till  it  was  nearly  clear,  retaining  only  a  slight  opalescence. 
A  thick  emuluioa  of  castor-oil  was  then  prepared  and  a  little 
ol  the  extract  carefully  Htirred  into  it,  a  little  neutml  litmus 
soiutiuD  being  added  at  the  same  time.  A  boiled  control  was 
prepared  iu  the  .same  way,  and  the  two  were  placed  in  an  in- 
cubator at  35"  C  In  about  hulf-an-hour  the  litmus  in  the 
unboiled  preparation  began  to  redd^-n,  indicating  the  liberation 
of  fttth'  acid.  This  was  extracted  by  whaking  the  digestion  with 
dilute  soda  solution,  when  the  acid  formed  a  »olub]e  soap  with 
the  alkali.  On  decniiipnsiug  the  soap  solution  with  a  mineral 
acid  a  quantity  of  fatty  acid  soon  rose  an  a  scum  to  the  surface. 

In  a  subsequent  experiment  a  larger  quantity  of  the 
emulsion  treated  iu  the  same  way  was  allowed  to  digest  in  a 
dialysing  tube,  suspended  in  distilled  water.  The  digestion  was 
carried  on  fur  a  week  *,  during  this  time  the  reaciiuu  in  the 
dialyser  became  more  and  more  acid,  while  that  of  the  sur- 
rounding fluid  remained  unchanged.  At  the  end  of  the  week 
the  dialysate  was  concentrated  and  examined  for  the  pre^nce 
of  glycerin,  which  was  detected  in  it  by  the  acroleiu  test  A 
control  experiment  with  boiled  extract,  which  was  carried  on 
side  by  side  with  the  other,  showL^d  no  chauge  of  reaetluu  and 
no  glycerin  was  present  in  the  dialysate.  The  experiments 
showed  that  lipa-^e  waa  present,  that  it  hydroljsed  the  oil, 
forming  fatty  acid  and  glycerin,  the  latter  passing  into  the 
dialysate,  while  the  former  was  not  able  to  do  so.  Many 
subseijuent  experiments  con6rmed  these  results. 

An  examination  of  the  properties  of  the  lipase  showed  that 
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it  worked  most  advaiitageoaaly  in  neatral  sotntioo,  bat 
alto  aotiTe  in  dilute  alkalis,  and  to  a  much  len  ezteat  in  dilat 
addiw    The  actiritj  was  t«st«d  by  vtOtkog  tbe  amooot  of 
standard  alkaline*  aolutiotk  which  waa  DeoesBary  to  oeut 
the  &tty  add  fcnned.    Conparing  tfane  digMtaooa,  the  fint  • 
which  was  oeatnl,  the  woood  ooobuniiig  -066  per  eeafc. 
sodium  carfaociate,  and  the  third  -066  per  cent,  of  b; 
add.  the  relative  activities  vere  as  78  :  69  :  21.     Hy 
add  when  present  in  the  proportioa  of  *13  per  cent, 
the  action  almost  entirely;    sodium  carbonate  needed  to 
pnaent  in  the  proportioa  of  "6  per  cent,  to  lessen  its 
fltto  half     The  effect  of  prolonged  action  of  both  add  and  ■■ 
was  the  desUuctioo  of  the  lipsne  and  not  mioety  an  inhxbitka 
of  its  working.     Neattal  alt  saefa  as  sodium  chlodde  i 
the  working  of  tbe  ensyme,  bat  did  not  destroy  it. 

Lipase  is  present  only  in  the  eodoqwnn  of  Ridous. 
embryo  oontaining  not]>eL     This  is  what  would  be  expected, 
the  oil   does  not   pass   firau   the  one  to  the  other  sad 
carfaooaoeoos    food    material    tempoiarily    appearing    in    the' 
embryo  is  tn  great  part  starch. 

There  appean  to  be  no  lipase  present  in  tbe  rnntin|g  seed  of 
Ricinni^  bat  gmind  seeds  when  kept  at  35*  CL  lor  a  few  Ikkus 
in  the  preecaco  of  rery  dilute  acetic  add  develop  the  power  of 
hydrolysing  oiL  An  eitract  of  the  resting  seed^  made  with 
salt  sohition,  and  tbeo  faintly  addnlated  with  aeetk  add  wmd 
kept  warm,  abo  undergoes  tbe  same  dtange  At  6i3t  qoita 
inactive,  it  gradnally  develops  the  enzyme,  just  as  the 
onder  the  sanae  treatment  develops  trypsin.  The  lipase  tfast^^ 
fere  ma}-  be  regarded  as  existiog  in  the  form  of  a  zymogea  is 
the  resting  seeds,  tbe  latter  being  converted  into  the  en^m^^ 
when  geraunatioB  b^jins.  Tbe  same  transftraatMO 
pboe  witboat  acid,  if  aa  extract  of  resting  seeds  is  aHoiiad 
stand  socne  daja  under  adequate  antiseptic  pncaatk 

The  Anther  changea  which  the  prodocte  of  hydiuljaiw  i 
go  may  be  brieay  aDnded  to  hereL  The  fet^  acid 
fiutbsr  affected  by  lipase ;  after  a  pcolmged  ezpcexm  of  the 
latter  with  rirtimldr  add  no  change  can  be  detected.  IMnag 
gtiiminstMB  however  the  falOf  aesd  doss  iJwppiar  horn  tfe 
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cells  in  which  it  is  formed,  and  as  it  cannot  dialyse  through  a 
membrane  it  is  evidently  decomposed.  As  the  germination 
proceeds,  other  acids,  crystalline  in  character,  make  their 
appearance  in  the  celts,  the  quantity  being  approximately 
proportional  to  the  diminution  of  the  fatty  acid.  There  is 
every  probability  that  the  ordinary  nxidative  processes  j^ing 
on  in  the  cells  under  the  influence  of  the  protoplasm  transform 
the  heavy  fatty  acids  into  others  which  can  leave  the  cells  by 
dialysis.  The  glycerin  which  is  the  other  product  of  the 
hydrolysis  may  with  equal  probability  be  looked  up<m  as  the 
antecedent  of  some  form  of  sugar,  which  travelling  through  the 
tissue  is  absorbed  by  the  embryo,  and  is  the  forerunner  of  the 
starch  which  the  latter  soon  exhibits  in  its  cells. 

The  existence  of  lipase  was  demonstrated  two  years  later 
by  Sigmund,  who  found  it  in  both  resting  and  germinating 
seeds  of  the  Riipe,  the  Opium  Poppy,  Henip,  FUlx  and  Maize. 
His  mode  of  experiment  was  Ut  cnish  the  seeds  with  water,  and 
estimate  the  tree  fatty  acid  in  the  resulting  emulsion.  Com- 
paring the  amount  of  standard  alkali  needed  to  neutralise  part 
of  the  emulsion  immediately  on  crushing  and  a  further  [mrt 
after  allowing  it  to  stand  for  34  hours  at  30"*  C,  he  found  in  all 
coses  a  larger  quantity  was  required  after  the  interval.  Free 
fktty  acid  was  accordingly  developed  on  standing,  and  this  was 
due  no  doubt  to  the  presence  of  lipase.  Sigmund  says  that  the 
resting  seeds  he  examined  contained  a  certain  amount  of  enzyme, 
and  thul  this  was  increased  at  the  onset  of  germination. 

It  has  alreiidy  been  mentioned  that  Sigmund  attributes  the 
power  of  hydrolysing  oils  to  niyrosin  and  to  emutsin.  Causing 
what  he  took  to  be  a  prepanitiou  of  these  enzymes  to  act  upon 
olive  oil  in  closed  glass  vessels  at  a  temperature  of  38"  to  40"  C, 
he  found  that  there  was  a  gradual  and  continuous  formation  of 
iree  fatty  acid  in  the  mixture,  its  presence  being  demonstrated 
by  both  litmus  and  phenol-phthalein. 

On  looking  over  his  experiments  it  docs  not  appear  to  be  at 
all  certain  that  the  results  were  due  to  emulsin  or  to  myrosin ; 
it  seems  far  more  likely  that  he  was  dealing  with  lipase 
present  in  the  seeds  in  addition  to  the  other  enzymes.  The 
BDce  of  more  than  one  enzyme  in  a  tissue  is  very  common, 
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both  in  v^etable  and  animal  organisins,  and  many  instaaeeB 
of  it  have  already  been  given.  Sigmtind  prepared  his  two 
gidcoeide-splitting  eazymes  by  bruismg  in  irat«r  seeds  of  thm 
mostard  in  one  case  and  of  thi*  almond  in  the  other,  and  allowing 
them  to  digest  with  excess  of  water  for  12 — 14  hoars.  Ha, 
then  decanted  the  »aperoataot  fluid  and  added  to  it  an  excea 
of  alcohol  This  caused  the  furmation  of  a  bulky  precipitate;! 
removing  the  latter  by  filtration  he  wa&hed  it  with  alcohol  Aud 
dne<l  it  at  about  40*'  C.  This  method  would  certainly  not 
prepare  any  enzyme  pure;  bis  precipitate  would  contain  all  the 
soluble  prottiids  uf  the  seed  and  alt  the  onxymes  that  might  be 
present  The  action  of  a  solution  of  thip  powder  at  ooce 
saggeeto  that  it  contained  lipase,  and  the  natural  deductiun 
from  the  experiment  would  be  that  mustard  seeds  and  almonds 
must  be  added  to  the  list  of  those  in  which  the  existence  of  this 
enzyme  has  been  established,  rather  than  that  glucoeide-aplitting 
enzymes  posBeas  the  power  of  hydrolysing  oils.  The  consti- 
tution  of  oil  on  the  one  hand  and  of  glucoeides  on  the  other 
opp^Kttis  very  strongly  the  view  that  there  is  one  hydrolytic 
agcut  which  is  capable  of  decomposing  them  both. 

It  is  interesting  to  note  that  Sigmund  attributes  to  his 
lipase  the  power  of  splitting  up  amygdalin  and  salicin.  On  his 
hypothesis  therefore  lipase  and  emtilain  are  practically  the  same 
body.     This  appears  ef^ually  uulikely. 

The  gcnninatioQ  of  several  oily  seeds  has  been  examined 
also  by  Leclerc  dii  Sablon,  whose  work  has  embraced  the 
Castor-inl  plant.  Hetnp,  Colza  and  Flax,  besides  one  or  two  less 
conspicuously  of  an  oily  nature.  Du  Sablon  found  the  oil  of 
these  seeds  to  diminiwh  markedly  dunug  germination,  and  the 
diminution  to  be  accompanied  by  the  tormation  of  sugar  of 
both  the  cane-sugar  and  glucose  tjT>e.H.  In  his  study  of  the 
processes  of  germination  he  relied  cliiefly  upon  analyses  of  the 
contents  of  the  seeds  from  time  to  time.  He  pronounces 
Against  the  hydrolysis  of  the  oil  on  the  ground  that  he  has 
not  been  able  to  detect  the  prc-tencc  of  glycerin.  This  however 
is  not  very  surprising,  us  most  other  obsen-ers  have  shown  that 
no  appreciable  quantity  of  it  is  present  in  the  tissue  of  the 
aoeds  during  the  progress  of  the  germination.     It  should  not 
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however  be  hastily  iuferred  that  none  is  ever  formed;  it  is 
quite  conceivable  that  it  raay  undergo  further  decomposition  as 
fast  a^  it  is  set  free.  Dii  Sablon  did  not  attempt  by  any 
method  to  secure  an  accumulation  of  it,  and  hence  his  denial  of 
its  existence  cannot  be  aocopted  as  decisive.  He  did  not  attempt 
either  to  bring  about  the  decompositii^n  of  the  oil  by  any 
extract  coutaiuiug  lipase,  but  relied  entirely  on  his  analyses. 

In  hia  discussion  of  his  results  he  suggests  the  existence  of 
a  modified  lipase  which  sets  free  fatty  acid  from  the  oil,  but  does 
not  liberate  glycerin;  such  fatty  acid  however  represents  but  a 
small  part  of  the  oil  decomposed.  The  glycerin  radical  of  the 
whole  of  the  oil  together  with  so  much  of  the  fatty  acid  as  is 
not  set  free  goes  directly  to  form  sugars,  of  which  those  of  the 
cane-sugar  type  appear  first  and  give  place  subsequently  to 
those  resembling  glucose,  in  which  latter  form  they  are  ab- 
sorbed. Transitory'  starch  also  uppcars  in  the  seeds  during 
these  changes;  and  ultimately  this  also  is  converted  to  dextrin 
and  sugar. 

Both  the  cane-sugar  and  the  starch  he  is  inclined  to  con- 
sider as  indications  that  the  oil  Ls  decomposed  more  rapidly  than 
it  is  reipiirod  by  the  young  plaotlet,  and  hence  he  regards  them 
as  secondary  and  temporary  reserve-stores.  He  identifies  both 
invertaAe  and  diastase  as  present  in  the  watery  extracts  of 
his  seeds.  In  Rome  cases,  especially  in  the  seed  of  Colza 
{Brassica  oleracea),  he  thinks  the  dextrins  occur  us  inter- 
mediate bodies  between  the  oil  and  the  non-reducing  sugar. . 

One  difficulty  in  the  way  of  accepting  du  Sablon's  views  on 
the  course  of  the  transformation  is  the  great  unlikelihood  of 
fatty  acid  serving  diiectiy  as  an  autecedent  of  carbohydrates. 
No  instance  of  a  similar  transformation  is  known,  and  no 
laboratory  method  can  at  present  bring  it  ahout.  The  great 
stress  he  lays  on  the  presumed  absence  of  glycerin  is  also 
noteworthy,  ibr  it  is  not  difficult  with  proper  methods  to  prove 
its  occurrence,  us  the  writer  has  already  showu  in  the  course  of 
his  own  work  on  Ricinus.  Its  presence  or  absence  appears  very 
important  as  indicating  whether  or  no  the  ensyme  which  he 
predicates  is  identical  with  lipase. 

It  has  already  been  noticed  that  Penicilium  glaucum  is  the 
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source  of  several  eDzymes.  To  those  already  mentioned,  lipase 
must  be  added.  Gerard  has  found  that  the  watery  extract  of 
this  fungus  is  capable  of  hydrolysing  Tnonobutyrin.  The  best 
means  of  showing  its  power  is  the  process  of  cultivating  it  in 
Baulin's  fluid  to  which  a  little  monobutyrin  has  been  added. 
Butyric  acid  is  very  quickly  liberated,  just  as  with  Hanriot's 
lipase  from  blood.  It  may  be  noticed  in  view  of  Sigmund's 
work  discussed  above,  that  Gerard  finds  emulsin  does  not  hydro- 
lyse  monobutyrin. 

The  conclusions  of  Gerard  have  been  confirmed  inde- 
pendently by  Camus,  who  has  also  found  lipase  in  another 
fungus,  Aspergillus  niger. 


CHAPTER  XV. 


THE   OLOITINO    ENZYMES.      RENNET. 


The  four  enKymes  which  next  present  themselves  for  ex- 
amination form  a  group  which  at  firtjt  sight  appears  well 
marked  and  sharply  separat^^d  from  those  we  have  so  far 
discussed.  The  prominent  feature  of  their  action  is  that  it 
resulta  in  the  formation  of  a  scmi-gelatinoua  clot  or  jelly, 
which  soon  after  its  production  uudergfes  a  species  of  con- 
traction or  ishrinkiige  and  ultimately  becomes  semi-filirous 
in  character.  Instead  therefore  of  producing  from  a  primary 
body,  often  insoluble  and  iiidifTiisible,  a  more  fre«ly  S4)luble 
and  diffusible  material,  they  appear  to  invert  this  order.  In 
two  cases  however  the  clot  or  coagulum  is  accompanied  by 
another  product  more  soluble  than  the  original  one,  or  at  any 
rate  not  less  so.  Another  feature  which  is  common  to  three  of 
them  is  that  the  action  of  ilie  enzyme  is  peculiarly  a^^ociated 
with  certain  cotnpoimds  of  Calcium,  in  the  aKsence  of  which 
the  clotting  does  not  occur.  It  is  however  not  certain  thiit  the 
resemblance  in  this  particular  is  more  than  superficial,  for  the 
action  of  the  inorganic  salt  cannot  at  present  be  said  to  have 
been  proved  the  same  in  all  cases. 

One  of  these  enzymes,  Htii'oi'ally  known  as  rennet,  occurs  in 
both  the  animal  and  vegetable  kingdoms ;  the  jw-called  fibrin 
ferment,  and  the  ferment  which  is  instrumental  in  causing  the 
formation  of  myosin  in  muscles,  are  only  found  in  the  former. 
The  last  one.  pectase,  is  of  purel}'  vegetable  origin.  The  three 
first  mentioned  may  be  regarded  as  related  to  the  proteolytic 
enzymes:  pectase  is  associated  with  certain  changes  in  the 
materials  which  constitute  the  cell-membranes  of  plants. 
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Hie  u^  otf^  These  eftzrmes  viucfa  ve  sfaiH  disraaB  is  the 
90-caIkd  BeiiJMri.  vhkh  is  »  Urg^lj  cmpiored  in  the  prodactkin 
of  cheese  from  milk.  Wb-en  ft  small  A^uuinn'  vi  this  bodj  is 
adckd  lo  a  reladrc^T  Larzt  T.:i:inke  >x  iLLk.  zhe  Utter  nptdlj 
changes  u>  a  stiiF  j-elli- :  ar:er  ~r>affi;ng  a  s&:«er  or  kngo-  time, 
the  yexLj  shrink*  sc^r-rTba:  ac*i  a  va^eiy  li-:/:^  kiK^vn  as  aiAey 
ooK»  o'.s  oi  it.  aad  arer  a  ]i7zl-^  vhil-e  a  linn  doc  is  fbond 
ItnatPig  in  a  qcan^i^T  •:<  ^hr  v^eiy  3a:n*i. 

Thv  f^rmaSL'xi  •;■!'  ^ci*  ."i:?-  wb;.?Ji  is  r^Cv  lae  orade  cheese, 
or  curd,  is  die  lo  an  ahcfa^'i-a  «'  :-ce  oc  :ae  ccofchoaiGs  of  the 
milk.  This  is  a  bciir  T£L:-.*h  baf  ^c-efallr  beea  caLed  cuuvta ; 
h  is  a  member  of  the  zrocp  ot  ci'irteo-alcKimins.  bat  k  gene- 
fallj  spoken  of  ais  she  pcii!rn.rtkl.  pr:ceid  of  ihe  mTTV 

As  it  exists  ia  cilk.  caseia  cac  be  reaiilT  c-recipttased  from 
sotarioQ  br  the  •»a^<}<is  adrii^on  >x'  a  -iiln^  add:  it  th»i 
aepftrace:*  in  a  L'Xh^e  d!*xtm!ea?  6:>rm.  and  eaa  be  eosLT  sepanted 
frijm  the  l2i>:{rzKi  ot  dl^razi>:c.  When  so  separ^sed  ix  can  be 
redisEOtTed  in  dilnce  a'"ja.'t«  and  aj^^in  n>pr£cipt:sased. 

Whoi  cagein  either  in  milk,  or  in  :^HTi':ioa  ia  diluce  *r^*H« 
is  acted  api^a  by  rennec  in  ^he  pre:$enctf  of  a  sni^L  ixaaixizy  oi 
calcxnm  pb^aphate.  il  i:«  as  ooo^  cheniicaMilT  al^red.  Ic  gives 
nse  Co  the  ^jrnu&sion  •:•(  a  body  which  'xfi^  been  named  Cvtvm, 
which  is  che  oroceid  (xosdzuaaz  <}{  zhn  cmz.  When  the  vhev 
has  separated  oas.  it:  is  p^tind  so  tA^Dtain  a  by-pnMocs  haTine 
nropeniea  resembling  chi^e  of  a  so^ible  ;Llbixniin.  ex'.'epc  chat,  it 
is  out  made  in:sjlTxbte  by  boi-indr-  Is  i!:^  oumjet^uenclv  distinct 
from  ^Jie  serum  albomin.  or  laccs&ibuoiin.  pcvseac  iu  ziomial  tutIV 
The  &rmacioa  •>f  snis  by-pr^inct  when  :»tuc:ons  or  pure  casein 
are  created  wich  rennec  soowt*  chac  ic  reisulcs  tT*,>ui  :at?  ilteracioa 
of  the  casein.  The  ciocring  -jf  milk  hy  r^uu^^r  is  oonse*^aeatlT 
not  CO  be  confoaed  wich  she  preeipitaciun  oi  ok<etu  by  Jci\L  In 
the  lacter  case  che  separated  body  L-aa  be  redi:>s*i'(Ved  and  is 
fbond  GO  be  nnchanicetl  in  >:onsciCiition  ;  'ji  :Qe  d>nuer  oase  ic 
has  been  decomposed,  wich  she  formuciou  ji  \%ii  iudutubie  cuxd 
icaaojsting  4:hiedy  of  cyreini  and  a  eertaiu  >^uauc:ty  yjt  a  vi&necv 
of  aXbnmin.     The  curd  'iiAirs  in  cumpu«»tiou  trout  caij^tn   br 
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containing  a  relatively  large  amount  of  calcium  phosphate, 
which  on  ignition  of  the  proteid  remains  as  Hsh.  If  this  calcium 
salt  is  removed  from  it  and  it  is  then  dissolved  in  dilute  alkalis 
it  cannot  again  be  clotted  by  rennet  as  precipitated  casein  can. 
Halliburton  suggests  that  it  is  caseate  of  lime. 

The  terminology  in  use  by  various  writers  is  a  little  con- 
fusing. Some  use  the  word  casein  for  the  unaltered  proteid, 
calling  the  proteid  of  the  clot  ti/rein,  as  in  the  present  discus- 
sion; others  call  the  last  named  body  cnsein,  and  apply  the 
term  caseinogen  to  the  natural  proteid,  indicating  that  it  gives 
rise  to  casein. 

The  chief  source  of  rennet  in  the  animal  body  is  the  raucous 
membrane  of  the  stoinnch,  and  it  is  present  in  largest  quantity 
in  the  stomach  of  yoimg  animals,  particularly  the  calf  It  can 
be  obtained  however  from  the  stomach  of  almost  any  animal 
and  mfiy  be  reg-^irded  indeed  as  one  of  the  normal  constituents 
of  gastric  juice.  It  exists  in  the  pancreas  of  several  animals, 
especially  the  pig,  ox,  sheep,  horse,  dog  and  cat;  also  in  the 
human  pancreas.  Halliburton  and  Brodie  found  it  present  in 
pancreatic  juice  obtained  from  the  dog  by  means  of  a  cannula 
inserted  in  the  pancreatic  duct.  Edmunds  prepared  it  from 
various  tissues  of  the  mammalian  body,  including  the  testis, 
liver,  lung,  kidney,  spleen,  thymus,  thyroid,  brain,  intestine  and 
ovary,  but  it  was  only  in  very  small  amount  in  any  of  these 
organs.  He  also  obtained  evidence  of  the  ]>resence  of  a  small 
quantity  in  the  bloud.  In  animals  belonging  to  groups  below 
the  Mammalia,  Benger  has  prepared  it  from  the  stomach 
of  the  ctxi-fish.  and  appropriate  treatment  has  shown  that 
it  is  formed  in  the  stomach  of  the  pike.  Roberts  obtained 
it  from  the  digestive  organs  of  the  fowl,  and  Harris  and  Gow 
extracted  it  from  the  pancreas  of  the;  eagle.  It  is  slated  that  a 
small  amount  may  be  present  in  urine,  but  this  is  probably  an 
indication  of  its  excretion  from  the  body.  It  has  a  wide  dis- 
tribution in  the  vegetable  kingdom,  but.  this  mil  be  treated  of 
in  greater  detail  in  a  subse<}uent  section. 

The  preparation  of  rennet  in  an  impure  form  from  the 
stomach  or  pancreas  is  very  easy.  All  that  is  necessary  is  to 
mince   the  organ   finely,  either  in   the   fresh   state,  or  after 
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dehydratioD  by  alcohol,  and  then  to  extract  the  puipy  mass  with 
glyceiiu,  water,  or  solutions  of  neutral  salts.  If  the  reaction  of 
the  solvent  is  made  faintly  acid,  a  more  active  preparaiion  i^ 
obtained  than  if  it  is  perfectly  neutral.  The  most  efficient 
extractive  is  a  solution  of  sodium  chloride,  containing  about 
5 — 10  per  cent,  of  the  salt. 

Many  attempts  have  been  made  to  prepare  the  enz^^tne  freo 
from  admixture  with  other  ferments  or  with  proteids.  The 
first  experiments  in  this  direction  were  made  by  Deschamps  in 
1840,  but  they  were  subsequently  shown  to  be  unsucceettlul. 
The  isolation  was  however  carried  out  by  Hammarsten,  who 
published  his  method  in  1872  It  consists  iu  the  first  place 
of  a  fractional  precipitation  of  an  acid  aqueous  extract  of  the 
stomach  by  means  of  magnesium  carbonate  or  a  soluCion  of 
acetate  of  lead.  Both  pepsin  and  rennet  are  thrown  dawn  by 
these  reagents,  but  pepsin  is  precipitated  with  the  greater  readi- 
neaa.  It  is  possible  therefore  to  free  the  liquid  from  pepttin 
white  the  greater  part  of  the  rennet  remains  in  solution.  Alter 
filtering  this  off,  further  addition  of  the  lead  acetate  throws 
down  the  rennet,  the  process  being  facilitated  by  the  Aimul- 
taneomt  addition  of  a  Utile  ammonium  hydrate.  The  precipi- 
tate is  then  filtered  off,  suspended  in  water  and  decomposed  by 
very  dilute  sulphuric  acid.  This  acii!  solution,  which  contains 
mere  traces  of  albumin,  is  mechanically  precipitate*!  «cc*ording 
to  Brticke's  method  far  the  separation  of  pepsin,  with  the  aid  of 
cholesterin,  as  already  described. 

This  method  is  useful  in  cases  where  the  rennet  exists  in 
considerable  quantity,  but  it  always  involves  the  loss  of  a  good 
deal  of  material. 

A  few  years  later  the  rennet  and  the  trypsin  of  pancreatic 
extract  were  separated  by  Roberts  by  the  follomng  method. 
A  sak-sulution  extract  of  a  pancreas  was  slightly  acidulated 
with  hydrochloric  acid  and  kept  for  3  hours  at  40"  C.  When 
neutralised  it  was  found  that  the  trypsin  had  been  destroyed 
while  the  rennet  was  unharmed.  Roberts  says  that  he  found 
that  when  some  of  the  same  extract  was  tiltercd  through  porce- 
lain under  prcssure,  the  rennet  pa&sed  through  the  porcelain 
and  the  trypsin  remained  behind. 
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In  1 H86  a  different  method  was  introduced  in  America  by 
Bliimt^ntha).  In  his  process,  the  stomach  of  the  calf  is  cat 
into  small  pieces  and  macerated  for  24  hours  in  a  solution  of 
common  salt  of  '5  per  cent,  concentration,  kept  at  about  30''  C. 
The  solution  is  then  filtered  and  1  per  cent,  of  mineral  acid  is 
added.  This  pntduccs  a  thick  precipitate  of  mucous  matter 
which  can  be  separated  mechanically,  leaving  the  enzymes  in 
solution.  The  acidity  is  next  raised  bo  '5  per  cent.,  and  tho 
liquid  saturated  with  powdered  sodium  chloride  It  is  then 
kept  for  2  or  3  daya  at  25° — 30"  C.  with  constant  stirring, 
and  the  temperature  is  gradually  raised  to  30"— 35°  C.  After 
standing  for  a  day  or  two,  a  white  fioccalent  scum  separates  out 
which  can  easily  be  removed  by  skimming  or  filtration  and 
dried  at  about  28"  0.  This  is  an  amorphous  white  gelatinous 
substance,  gristly  resembling  aluminium  hydrate  in  appejirance. 
It  is  without  taste  or  smell,  and  dissolves  readily  in  water, 
forming  a  clear  solution.  This  precipitate  is  nearly  pure  ren- 
net, a  small  portion  of  it  readily  inducing  coagulation  in  milk. 
The  mother  liquid  fhim  which  it  is  removed  has  no  cunlling 
tvction  but  is  posscMwed  of  very  considerable  peptic  powers. 

Blumeiitlial  says  that  the  Nune  treatment  will  separate  the 
two  enzymes  from  the  so-called  pepsin  essence  of  commerce, 
which  is  very  impure. 

Friedbtirg  found  on  repeating  Blumenthal's  experiments 
that  the  prolonged  standing  after  saturation  with  salt  was  not 
always  necessary,  but  that  if  comparatively  small  amounts  of 
niaterial  were  used,  the  rennet  separated  alnioHt  immediately. 
He  recommends  its  immediate  removal,  for  on  standing  it 
shows  a  tendency  to  sink  in  the  liquid. 

Hammarsten  (|uote8  the  following  reactious  as  characteristic 
of  his  purified  product:— 

(1)     it  does  not  show  the  xanthoproteic  reaction. 

(S)    its  watciy  solution  does  not  coagulate  on  boiling. 

(3)  it  is  not  precipitated  by  alcohol,  nitric  acid,  tannin, 

iodine,  or  normal  lead  acetate. 

(4)  it  is  precipitated  by  ba.sic  lead  acetate. 
Friedbnrg   found   his    product   obtained   by  Blumenthal's 

method  gave  exactly  the  same  reactions. 
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The  effect  of  heat  on  the  rennet  enzyme  is  to  Bome  extent 
dependent  od  the  reaction  of  the  solution.  Its  opiimuin  point 
is  about  40"  C.  Neutral  preparations  will  remain  active  after 
a  short  exposure  to  70°  C,  but  if  kept  lonj^  at  that  tompcmture 
they  are  rendered  inert.  A  momentary  exposure  to  a  hi- her 
point  than  this  isdt-structivcof  the  enzyme.  If  the  preparation 
contains  '3  per  cent,  of  hydrochloric  acid  it  will  not  survive 
hcatinj^  tn  63°  C.  Prolonged  exposure  of  such  an  acid  solution 
to  only  40"  C.  is  very  deleterious.  The  presence  of  a  little 
alkali  has  a  similar  influence. 

Rennet  is  active  in  neutral,  or  in  faintly  acid  or  alkaline 
solutions,  but  the  presence  of  only  a  little  more  thau  the 
optinmni  quantity  uf  cither  acid  or  alkali  speedily  destroys  the 
enzyme  at  the  ordinary  temperature.  Hammarsten  found  that 
clotting  occurred  most  rapidly  when  a  faintly  acid  extract  wa« 
used,  and  Ringc-r  has  confirmed  the  observation,  care  being 
taken  that  the  acid  was  added  in  insufficient  quantity  to  pre- 
cipitate the  casein.  The  clotting  was  not  due  to  the  action 
of  the  acid  on  the  casein,  as  the  addition  of  the  same  amount  of 
acid  without  the  rennet  produced  no  effect  upon  the  milk. 
Roberts  sajs  that  jiancreatic  rennet  differs  from  gastric  in  b«ing 
active  in  the  presence  of  larger  amounts  of  alkali.  Alcohol  in 
small  (juantitios  does  not  injure  the  enzyme,  but  large  quan- 
tities or  prolonged  exposure  destroy  it. 

The  elTect  of  neutral  salts  such  as  nodinra  cidoride,  or 
magnesium  sulphate  in  greater  concentration  than  4  pur  cent, 
is  to  impede  the  action,  but  not  to  destroy  the  rennet.  Small 
quantities  of  less  than  1  per  cent,  arc  beneficial. 

The  action  of  rennet  is  materially  impeded  by  the  presence 
of  peptone  or  some  kinds  of  proteose.  Edmunds  has  published 
an  account  of  some  experiments  on  this  point  which  are  very 
interesting  in  the  light  of  the  cfieL-t  of  the  same  prott-ids  on  the 
process  of  the  coagulation  of  the  blood.  He  mixed  in  several 
tubes  lOcc.  of  milk,  a  varying  quantity  of  Witte's  "peptftne," 
containing  a  certain  amount  of  proteoses,  and  15U  cubic  milli- 
metres of  a  preparation  of  rennet  and  exposed  them  to  a 
temperutnre  of  40^  C.  In  the  absence  of  any  "peptone'* 
clotting  took  place  in  10  minutes;  with  (325  per  cent,  present. 
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it  did  not  set  in  for  20  raiuiites;  with  2*5  per  cent,  do  clot  was 
formed  till  after  45  tniiiubes,  and  iu  the  presence  uf  5  per  cent, 
coagulation  was  delayed  lor  several  houra 

It  ha»  already  been  mcntioDcd  that  the  »a\t»  of  calcium 
play  an  important  part  in  the  action  of  this  enzyme.  The  most 
pronounced  effect  is  produced  by  calcic  phospliate;  indeed, 
according  to  most  observers,  the  clotting  of  the  milk  will  not 
take  place  in  the  absence  of  this  salt.  The  experiment  can  be 
made  by  dialysing  the  milk  till  all  the  salts  have  disappeared, 
when  renuet  is  inoperative  upon  it.  The  same  effect  can  be 
seen  when  experiments  are  carried  out  on  a  pure  solution  of 
casein  prepared  by  precipitating  it  from  milk  with  dilute  acetic 
acid,  filtering  and  washing  quickly  with  distilled  water.  The 
solutinn  of  this  in  water  gives  no  clot  with  rennet.  If  however 
it  is  dissolved  in  time  water  and  the  solution  carefuDy  neutra- 
lised with  dilute  phosphoric  acid,  a  milky-louking  liquid  is 
obtained  which  behaves  exactly  like  milk  itself,  curdling  indeed 
even  more  reaJily  on  the  addition  of  rennet.  It  is  notewoithy  in 
this  connection  that  choesc  always  contains  a  certain  amount  of 
calcic  pbc^phate.  Iliuger  states  that  other  salts  of  calcium, 
especially  the  chluriile,  can  replace;  the  pliDsphato. 

Uaiuniarsten,  to  whom  our  knowledge  of  this  peculiar 
behaviour  is  due,  explains  the  mutual  action  by  saying  that 
the  enzyme  induces  tlie  conversion  of  casein  into  tyrein,  and 
the  calcic  pha^phate  makes  the  latter  separate  out  in  tho  con- 
dition of  the  clot  or  curd.  He  quotes  in  support  of  his  view 
the  fallowing  experiment. 

Some  pure  casein  prepared  as  described  above,  and  ascer- 
tained to  be  ash-free,  was  dissolved  in  dilute  hydnc-disodic- 
phosphate  and  the  solution  divided  into  two  parts,  A  and  B. 
A  was  treated  with  rentiet  and  both  were  digested  for  half-an- 
hour  at  30"  C.  *4  was  then  boiled  to  destroy  the  enzyme,  and 
B  was  boiled  also  that  the  two  might  be  capable  of  comparison. 
A  quantity  of  the  rennet  solution  equal  to  what  had  been 
added  to  A  was  then  boiled  and  added  to  B.  After  both  had 
been  cooled  the  same  amount  of  culcium  chloride  was  added  to 
each.  A,  in  which  the  rennet  had  acted  for  thirty  minutes 
without  producing   a  visible  change,  at   once  gave  a  thick 
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precipitate  of  tyrein.  B,  in  which  rennet  though  present  had 
been  prevented  from  acting,  remained  unchanged.  The  curd 
appears  to  be  therefore  not  tyrein,  but  a  compound  of  tyrein 
and  the  calcic  salt.  Ringer  has  pubU&hed  an  account  of  similar 
experiments  which  completely  confirm  those  of  Hammarstcn. 

The  part  played  by  calcium  salts  may  perhaps  explain  the 
inhibitory  action  of  peptone.  This  body  can  combiDC  with  such 
salts,  and  it  may  be  that  no  clot  is  formed  owing  to  their  being 
taken  out  of  the  sphere  of  action  by  means  of  such  a  combina- 
tion. The  subject  needs  however  further  research  before  definite 
opinions  can  be  formed  upon  the  point. 

The  proportion  of  water  to  cafiein  in  the  milk  must  be 
taken  into  account  in  considering  the  curdling.  Mayer  found 
that  milk  which  gave  a  normal  clot  in  25  minutes  took  30 
raimiteB  when  5  per  cent,  of  water  was  added :  further  addition 
ot  wmtor  retarded  it  longer,  and  when  SO  per  cent  had  been 
added  the  time  taken  was  73  minutee,  the  pfoportion  of  rennet 
and  the  temperature  of  the  experiment  being  alike  in  all  cases. 
The  dot  produced  in  diluted  milk  is  much  mor^  6occnlent  than 
aaonnal  one. 

Tbe  dilution  of  the  rennet  extfact  itoelf  has  still  grater 
efieci  in  tbe  aaotc  direction.  Soxhlet  found  that  when  one 
part  of  a  particular  preparation  of  reonet  was  made  to  act  npon 
ten  thousand  parts  of  milk,  curdliog  took  place  in  40  minntee ; 
bttt  wbeo  the  same  qnaotilj  of  nmet  was  ouxed  with  five 
hinhMJ  pBZts  of  nu&,  the  elo4  was  fionaed  in  two  miirates  aad 
six  seconda  FVoni  his  experiments  be  inferred  that  the  time 
taksB  to  fcrm  ths  efe*  vts  invcna^  impxtanat  to  the  amoant 
oT  rcBMi  oaed.  Whea  howsvar  wnihr  niMrtita^i  of  the 
aupae  are  iiiplnjwi  ths  laktioa  doas  do*  hoU.  The  writer 
fe— d  that  with  a  partiodar  prefiaiatiatt  ef  the  eayme  from  the 
ganuaailiB^  seeds  of  Awmms;  while  1  cc  cbMed  5  cc  of  milk 
IB  two  winatea;  -^cc  did  aoC  ptodvee  its  etfed  till  after  four 
hoars.  In  anolhv  asms  of  expenMSMto  is  which  the  extract 
wttsda«ted  so  thaft  the  totot  awMut  of  lud  added  to  the  mOk 

liullud  5c«.  of  au£k  w  <t«  saiwMes;  ^It&c^e  added  to  -aTo&c. 
aTwator.  did  iMt  cU  S«ia«fwah  till  the  a&inaimttf^  1 
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The  character  of  the  clot  depends  also  to  a  laige  extent 
ripoii  the  soiii-ce  of  the  milk.  When  cows'  milk  is  coagulnted 
by  rennet,  or  precipitatud  by  acids,  the  curd,  or  the  precipitated 
casein,  is  more  solid  than  when  human  milk  is  nsed.  This  ib 
particidiirly  notioeahle  in  the  case  of  true  coaguhition,  the  curd 
of  human  milk  always  being  of  a  loose,  flocculent  consistency. 
From  what  has  alr<.-ady  been  said  wc  can  see  that  the  solidity 
or  compact  condition  of  the  curd  formed  by  the  rennet  of  the 
stomach  is  mainly  determined  b^'  three  factors: — 

(1)  The  coucentration  of  the  casein  solution. 

(2)  The  amount  of  soluble  calcium  phosphate, 

(3)  The  acidity  of  the  milk. 

Comparing-  the  milk  of  the  cow  with  the  human  secretion 
we  find  it  contains  about  twice  as  much  casein,  and  six  times 
wn  much  caleiuMi,  while  it  has  about  three  times  the  acidity  of 
htiman  milk.  It  is  natural  therefore  that  the  coagulum  nhould 
be  6occnlcnt  in  the  case  of  the  latter,  while  in  cows'  milk  it  is 
more  compact  and  leathery.  By  dilution  with  water  and 
approprint*  adjustment  of  reaction,  cowa'  milk  can  be  sn  altered 
that  it  will  coagulate  very  nearly  in  the  same  way  ais  human 
milk.  There  will  always  be  some  difference  between  the  two,  on 
account  of  the  preponderance  of  calcium  phosphate  in  cowa'  milk. 

RenneL  will  induce  the  formation  of  a  clot  in  boiled  milk, 
but  the  curd  is  very  flocculent  and  a  considerable  cjuantity  of 
the  enzyme  is  needed  far  the  coagulation.  The  alteration  which 
causes  this  difference  is  greater  iu  proportion  to  the  temperature 
to  which  the  heating  ha.s  been  carried  and  the  time  the  milk  has 
been  exposed  to  it. 

Before  leaving  the  subject  of  the  action  of  rennet  on  milk 
it  seems  not  inappi-opriate  to  allude  to  some  theories  of  its  action 
which  have  been  advanced,  but  which  are  now  disproved.  Tho 
must  prominent  of  these  has  been  that  the  rennet  acted  upon 
the  sugar  of  the  milk,  converting  it  into  lactic  acid,  an<l  that 
the  separation  of  the  curd  was  duo  to  the  presence  of  tho  latter. 
Liebig  in  I8H5  jwlvanced  this  view  and  suggested  that  the 
lactic  acid  neutralised  the  alkali  which  keeps  tho  casein  dis- 
solved, thus  precipitating  the  latter. 

Soxhlet  had  a  slightly  different  conception.  He  thought 
o.  F.  16 
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that  the  difference  between  the  co^rulatiou  of  milk  by  rennet 
and  the  precipitation  of  the  casein  following  upon  its  turning 
sour  on  standing,  was  only  that  thn  former  look  place  most 
rapidly.  According  to  him  rennet  transformed  Riigar  of  milk 
into  lactic  acid,  and  this  reacting  on  the  ulbiUne  phosphate 
existing  in  milk,  converted  it  into  the  acid  salt.  This  in  turn 
precipitated  the  casein.  Hallier  imputed  the  process  to  the 
micro-organisms  present  in  the  stomach  of  the  calf. 

The  question  was  finally  decided  by  Hummarsten.  Not 
only  did  he  show  that  tyroin  was  essentially  <iiiferent  from 
casein,  but  he  also  proved  that  the  curdling  was  quite  indepen- 
dent of  the  preaenco  of  sugar  in  the  milk,  by  preparing  a 
solution  of  casein  iu  the  manner  already  described  and  seeing 
it  clot  in  the  presence  of  rennet.  In  the  method  of  preparing 
casein  which  he  adopted,  the  sugar  of  the  milk  was  left  behind 
in  the  mother  liquor  from  which  the  proteid  wa.s  precipitated. 
Hararaarstcn's  pure  rennet,  or  lab,  was  further  found  to  be 
quite  without  action  on  milk  sugar,  white  it  clotted  milk  or 
casein  solutions  with  great  rapidity. 

The  theory  of  the  action  of  the  acid  is  negatived  also  by 
the  fact  that  curdling  can  be  brought  about  quite  easily  in 
faintly  alkaline  solutions. 

Certain  peculiarities  of  the  rennet  prepared  from  pancreatic 
sources  have  been  noticed  by  several  observers.  It  has  ahready 
been  mentioned  that  Roberta  when  examining  the  prrjU»olytic 
effect  of  pancreatic  juice  or  extmct  upon  milk  not<-d  a  curious 
change  in  its  protcids  which  seemed  to  be  different  fn)ra  the 
ordinary  proteolysis  brought  abnut  by  trypsin.  When  milk 
was  exposed  to  the  action  of  pancreatic  juice  fur  a  short  time 
and  then  boiled,  the  boiling  caused  a  precipitation  uf  the  casein 
in  a  curd-iiko  form.  Roberts  considered  this  change  to  be 
brought  about  by  the  trypsin.  Subse({ueul  observers  have 
however  established  the  fact  that  it  is  due  to  the  reimet  which 
is  secreted  with  the  trypsin  in  the  pancreas.  The  product 
differs  from  tyivin  in  not  separating  out  as  a  curd  at  the 
ordinarj'  temperature.  R*)bert8  called  it  mehtcasein,  and  the 
oame  ha-s  been  reiuiiied  by  subsequent  observers.  It  can  be 
separated  from  milk  that  has  been  subjected  to  the  action  of  a 
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small  quantity  uf  paucreatic  rennet,  being  thrown  down  by  the 
addition  uf  an  equal  volume  of  a  saturated  solution  uf  sodium 
chloride.  It  differs  from  ca»ein  in  turn,  in  that  it  will  not  give 
a  dot  when  subjected  to  the  further  action  of  rennet. 

The  conditions  that.  lead  to  its  formation  are  a  large  pre- 
pondemiiw  of  milk  over  the  rennet  solution.  Too  little  of  the 
latter  must  be  added  to  bring  about  the  ordinary  clotting  and 
then  metacasein  appears  to  be  formed  instead  of  tyreiu.  The 
by-pnMJuct,  or  whej'-pnjteid  already  mentioned,  is  formed  simul- 
taneotisly  with  the  metacasein. 

Halliburton  and  Brodie  draw  a  distinction  between  gastric 
and  ptincr«atic  rennet  which  has  not  been  noted  by  previous 
observers.  According  to  them  the  clotting  indicated  by  pan- 
creatic rennet  is  not  a  true  coagulation,  but  a  precipitation 
which  takes  place  in  the  warm  bath  at  35" — 40'  C.  The 
precipitate  is  tinuly  granular,  and  cannot  be  detected  by  the 
naked  eye.  Ou  cooling  it  to  the  temperature  of  the  air,  it  sets 
into  a  coherent  curd  which  can  be  again  broken  up  by  warming 
to  35°  C.,  when  the  granular  condition  returns  and  tho  milk 
appears  fluid.  This  may  be  repeated  several  times.  Halliburton 
and  Brodie  call  the  proteid  in  this  condition  "pancreatic  casein," 
and  they  say  it  can  be  converted  into  tyrein  by  gastric  rennet. 

Rennet  does  not  appear  to  be  stored  in  the  cells  of  cither 
gastric  or  pancreatic  glands  in  a  condition  in  which  it  will 
effect  coagulation,  but  rather  to  txicur  in  the  form  of  an 
antecedent  body  or  zymogen.  Thi.i  has  been  established  by 
Hammarsten  and  subsequently  by  Langley.  The  latter  physio- 
logist examined  the  gastric  glands  of  the  dog,  cat,  rabbit,  mole, 
and  frog ;  also  the  cpsophageal  glands  of  the  latter ;  none 
contained  rennet,  but  the  zymogen  was  present  in  them  all. 
The  zymogen,  like  that  of  trypsin  or  pepsin,  can  hv  converted 
into  enzyme  by  warming  it  for  fifteen  minutes  with  a  dilute 
acid.  Langley  found  that  the  zymogen,  like  the  rennet  itself, 
is  destmyed  by  keeping  it  for  a  few  minutes  at  88"  C.  in  the 
presence  of  Oo— 1*0  per  cent,  of  sodium  carbonate. 

In  addition  to  mammutitin  sources  Hammarsten  found  that 
rennet  zytnogen  exists  in  the  gastric  glands  of  certain  fishes, 
among  which  the  Pike  is  conspicuous. 

16—2 
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Vegetable  Heniiet. 

The  existence  of  renuet  in  the  vegetable  kiDgdum  bas  been 
noted  by  many  observers  from  the  sixteenth  century  to  the 
present  day.  Linnseus  stated  that  the  power  of  curdling  milk 
WHS  known  in  his  day  to  exist  in  the  leaves  of  i^inguicnla 
tmtgarw  and  that  certain  of  the  Lapland  tribes  with  whom  he 
berjinif  acquainted  always  used  them  for  that  purpose.  Prior 
in  his  Popular  iVamcs  of  British  Plants  Hpeaka  of  u  curious 
property  of  Galium  veram,  which  was  noted  by  Matthioli  in  the 
sixteenth  century,  who  wrote  of  it,  "Galium  inde  nomen  sorti- 
tum  est  suum  quod  lac  coagtilet."  In  West  Somersetshire  and 
certain  parts  of  Herefordshire  this  property  of  Galium  verum  is 
still  recognised  and  it  is  customary  for  dairymen  to  put  the 
plant  into  milk  to  set  the  curd  ready  for  cheese-making.  The 
active  principle  seems  to  be  located  in  the  flowei-s,  though 
the  whole  plant  is  used.  It  is  somewhat  singtdar  that  our 
other  native  species  of  Galium  do  not  appear  to  contain  the 
enzyrae. 

Many  other  observations  of  a  similar  character  have  been 
made  by  various  investigators.  Pfeffer  savs  that  Piugmcttla 
vtdgifria  is  employed  in  the  Italian  Alps  by  the  peasantry  to 
prepare  curd  from  milk.  Darwin  noticed  that  the  secretion  of 
the  glands  i>f  Dronera  not  only  digested  proteids,  but  curdled 
milk  OS  well.  The  association  of  rennet  with  a  proteolytic 
enzyme  is  verj*  often  met  with.  Baginsky  found  that  it  was 
present  in  the  juice  of  the  papaw  \Carica  Papaya)  which  we 
have  seen  is  especially  rich  in  vegetable  trj'psin.  Martin 
confirmed  Boginsky's  observation  in  the  courae  of  the  researches 
which  we  have  already  discussed.  Chittenden  has  shown  that 
rennet  exists  side  by  side  with  bromelin  in  the  juice  of  the 
pine-apple,  but  is  associated  with  a  different  proteid,  as  already 
mentioned. 

Rennet  has  a  very  curious  distribution  in  some  plants.  It 
is  found  in  the  bast  of  the  stem  bundles  of  Clematis  Vitalha, 
and  in  the  petals  of  the  artichoke  {Cynara  scolymus),  neither 
of  which  localities  would  appear  likely  ones  for  an  enzvme. 

The   most  constant  situation  for  vegetable  rennet  appeju-s 
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u>  be  the  fruit  and  seed  of  the  plant;  at  auy  rate  it  is  these 
regions  which  furuish  most  iostaucos  of  its  occurroiieo.  It  is 
more  freiincntly  present  in  the  seed  than  the  fruit. 

A  very  active  preparation  can  be  made  from  the  pericai-p  of 
the  fruit  (pepo)  of  tho  sirigiiUr  plant  known  ns  "  Naras,"  which 
is  met  with  in  very  dry  desert  phicea  in  Namatpm  Land  and 
Whaltish  Bay  in  South  Afiica.  Nnras  {Acanthosieyoa  hotTida) 
is  a  typical  creeping  desert  plant,  of  very  wiry  habit  and  well 
furnished  with  spines.  It  has  squamif^jrm  leaves  which  aie 
very  quickly  cicciduous,  and  while  they  are  attached  to  the  stem 
they  are  closely  adpressed  to  it,  so  that  at  a  little  distance  it 
appears  to  be  leafless.  There  are  two  sharp  wpines  at  the  base 
of  each,  which  do  not  fall  off.  The  flowers  are  developed 
without  stalks  between  these  spines  and  therefore  in  the  axils 
of  the  frcfuicntly  abortive  loaves.  The  fruit  is  an  almost 
globular  pepo  with  a  hard  tough  skin  enclosing  a  very  pleasant 
acid  pulp  something  like  that  of  an  orange,  in  which  a  large 
number  of  seeds  are  embedded.  Though  the  pulp  is  very 
palaUible,  strangers  eating  it  are  often  very  singularly  and 
painfully  afl'ected  by  it.  It  is  said  to  produce  an  almost  in- 
tolerable  itching  of  the  anus.  The  rennet  is  contined  to  rhe 
succulent  parts  of  the  fruit,  the  seeds  strangely  being  without 
it.  The  enzyme  is  not  destroyed  by  drj'iug  but  can  be  pre- 
served almost  indefinitely  by  exposing  the  pulp  to  the  sun. 
Like  other  enzymes  it  is  destroyed  by  boiling.  According  to 
llarloth  it  is  soluble  in  alcohol  of  6U  per  cent,  strength.  It  is 
developed  only  as  the  fruit  ripens. 

In  seeds  rennet  seems  to  be  of  very  common  occuireuce. 
Its  preparation  fi-ora  this  source  was  first  successfully  earned 
out  by  Lea,  who  found  it  in  the  resting  seeds  of  Withania 
coagulans,  a  shrub  belonging  to  the  Solanaceae,  which  grows 
freely  in  Afghanistan  and  Northern  India.  Withania  has  & 
<:apsular  fruit  c^iutaining  a  large  number  of  small  seeds  of  a 
dark  brown  colour.  It  can  be  extracted  from  the  ground  seeds 
by  means  of  glycerin  or  a  moderately  strong  solution  of  common 
aoJt.  It  is  however  much  contaminated  by  the  colouring  matter 
of  the  seed-coats,  which  dissolves  in  the  extracting  lit^uid, 
causing  it  to  have  a  dark  brown  hue.     Its  activity  is  about  the 
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same  aa  that  of  most  commercial  samples  of  animal  rennet  and 
the  details  of  its  behaviour  ai-e  imdiutinguishable  front  thoee  of 
the  latter.  It  is  aimilarly  affected  by  temperature,  but  it  can 
withstand  a  moderately  prolonged  exposure  to  alcohol  without 
destruction. 

The  writer  has  met  with  rennet  in  the  seeds  of  Datura 
Stramoniu/m,  Pisufii  sativum,  Lupmus  hirsuttts,  and  Ricimts 
communis;  in  the  two  fonner  in  the  resting,  and  in  the  two 
latter  in  the  germinating  eot\dLtion.  Though  in  Kicinu^^  it 
does  not  exist  in  the  resting  state,  the  seed  contains  a  zymogen 
which  in  soluble  in  water,  and  which  readily  develops  the  milk- 
cui-dling  property  on  being  wanned  with  dilute  acids.  The 
rennet  itself  can  be  e.vtracted  from  the  germinating  seeds  by 
either  ?falt-solution  or  glycerin.  It  exists  in  the  endosperm, 
in  close  association  with  both  lipase  and  trypsin.  There  is 
generally  a  coiwiderable  <|imntity  present,  or  it  has  very 
energetic  powers;  in  one  experiment  a  glycerin  extract  curdled 
two  and  a  half  times  its  volume  of  milk  in  5  minutes.  The 
salt-solutiun  extract  acts  more  slowly  than  the  glycerin  one, 
(Htdium  chloride  being  a  hindrance  to  the  activity  of  rennet  as 
it  is  Ui  trypsin.  Different  seeds  however  contain  very  varying 
(quantities  of  the  enzyme. 

RicinuB  rennet  is  capable  of  acting  in  either  acid,  neutral, 
or  alkaline  solutions.  Too  great  a  degree  of  acidity  obscures 
the  actiun,  ns  the  acid  iusclf  tends  to  precipitate  the  casL'iu  of 
the  milk. 

In  the  gt^rminating  lupin  seeil  rennet  exists  side  by  side 
with  trypsin,  but  there  is  much  less  of  it  present. 

The  enzyme  exists  also  in  many  of  the  more  lowly  forms  of 
plants.  Duclaux  has  demonstrated  that  it  is  produced  by 
several  of  the  filamentous  fungi,  and  many  micro-organisms 
secrete  it.  The  bacilli  examined  by  Wuo<i  which  we  have  seen 
produce  proteolj'tic  enzymes  also  furnish  rennet.  That  two 
enzymes  are  present  in  the  secretion  ftvini  these  plants  is  shown 
by  their  different  powers  of  resisting  diflfcreut  destructive 
reagents.  When  they  are  exposed  to  the  action  of  gradually 
increasing  quantities  of"  mineral  or  organic  acids  the  power  of 
peptouisation  disappears  before  the  destniction  of  the  rennet, 
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while  when  carbolic  acid  is  used  the  reverse  is  the  case.  Viguai 
hftii  shown  that  rennet  exists  in  Bacillus  mesentericus  vulgatxis, 
side  by  eidc  with  four  other  enzjTnes.  Conn  separated  the 
rennet  from  the  proteolytic  enzyme  in  Home  of  theiie  Bacilli  by 
a  method  re.ieinbliiig'  those  already  de.srribfd.  He  mixed  the 
Rccretion  of  the  microbes  with  milk  and  uHowed  coagulation  to 
take  place.  The  clot  was  then  broken  up,  shaken  well  with 
distilled  water  and  the  whole  filtered  through  porcelain.  Sul- 
phuric acid  was  added  till  the  liquid  contained  '1  per  cent.,  and 
it  was  then  .saturated  with  sodium  chloritie.  A  white  granular 
looking;  scum  floated  to  the  Rurface,  which  on  removal  was 
found  to  be  almost  pure  rennet,  the  proteolytic  enzjme  being 
left  in  solution  in  the  brine.  Conn  found  that  the  rennet 
enzj'mii  was  secreted  most  plentifully  by  the  microbes  when  the 
culture  of  the  bacillus  was  carried  out  at  about  20"  C.,  while 
the  proteolytic  one  pre]>onderated  if  the  tcmpemturc  wiis  main- 
tained at  about  35"  C. 

The  action  of  reunet  is  most  ])robably  jjroteolytic,  but  the 
details  of  its  action  are  still  very  obscure.  That  it  splits  up 
the  cafieiu  seems  probable  when  we  consider  the  coincident 
apptiarance  of  the  whey  proteid  antl  the  tyrein.  Neither  of 
these  bodiea  however  falls  into  line  with  the  course  of  proteolysis 
carried  out  by  pepsin  or  tr}'psin,  and  the  relation  of  the  two 
groups  of  enzymes  must  at  present  be  left  undecided.  Nothing 
at  all  is  known  at  present  as  to  its  action  in  the  course  of 
vegetable  metubolisui.  Its  constant  occurrence  in  the  stomachs 
of  young  aninmls  whose  chief  food  is  milk  points  to  ite  being 
of  use  in  the  prcliniinarv  digestion  nf  protoid,  but  why  the  clot 
of  rennet  should  be  more  bencHcial  from  this  point  of  view  than 
a  pi-ecipitation  of  the  casein  by  the  acid  of  the  gastric  juice 
is  obscure.  It  may  be  however  that  the  combination  of  proteids 
with  small  quantities  of  free  acid  which  is  known  to  take  place 
in  the  stomach  would  delay  the  acid  precipitation  so  long 
that  a  ceitain  (juantity  of  the  milk  might  make  it«  way  out 
of  the  stomach  into  the  intestine  unchanged. 


CHAPTEU  XVl. 

THB  CLOTTING    ENZVHEH  {continued). 
THROMBASE,  (T/ino.VBfX),  THE   FIBRIN- FERMENT. 


The  pbenouieDa  wliich  are  noticeable  whuu  mammalian 
blood,  freshly  Hrnwn  from  an  animal,  is  collected  in  suitable 
vessels,  have  received  the  name  of  coagulation.  The  blood, 
preferably  drawn  from  an  artery,  leaves  the  blood-vessel  in  a 
perfectly  fluid  condition ;  after  an  exposure  of  a  minute  or  two 
to  contact  with  tbt  sides  of  the  collecting  recei)tacle  it  becomeR 
viscid  and  gradually  sets  into  a  firm  jelly.  After  sonic  hourti 
a  yellow  liquid  exudes  in  di-ops  from  the  surface,  and  gradually 
increases  in  quantity  till  the  jelly,  now  become  much  firmer, 
is  floating  in  a  considerable  bulk  of  the  liquid.  The  exudation 
of  this  fluid,  known  as  serum,  is  due  to  a  shrinkage  of  a 
certain  constituent  of  the  jelly  which  thus  squeezes  out  of  itself 
the  li(|uid  part,  leaving  a  firm  clot  of  a  leathery  consistency. 
This  clot  is  of  a  deep  red  colour,  owing  to  the  presence  in  it 
of  the  red  corptiscles  of  the  blood,  which  are  mechanicall) 
entangled  in  it  owing  to  the  rapidity  with  which  the  change' 
sets  in. 

It  was  originally  supposed  that  the  copulation  or  formation 
of  the  clot  wjis  due  to  a  mechauical  coherence  of  the  corp\iscles, 
which  can  be  s-evn  to  lun  together  and  form  ixiuIchux  when  a, 
drop  of  blood  diluted  with  water  or  a  weak  solution  of  common 
salt  is  examined  under  the  microscope.     It  was  first  shown  bj 
Hewson  in  1772  that  the  process  is  independent  of  the  presouc 
of  the  red  corpuscles  and  is  due  to  the  separation  of  a  peculiar! 
fibrous-looking  substance  from  the  plasma  or  liquor  mnffmnisA 
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This  substance  is  now  called  fibrin,  nnd  coafifulation  is  known 
to  result  from  its  formation  from  sume  antecedent  sub- 
stance which  exists  in  the  fluid  portion  of  the  blood.  Tiie 
separation  of  this  antecedent  of  fibrin  was  attempted  in  1859 
by  Denis.  He  saturated  the  liquor  saiij^uinis  with  sodinni 
chforide  and  obtained  a  sticky  precipitate  of  a  proteid  nature. 
When  this  was  separated  from  the  liquid  and  redissotved  in  a 
Hilute  solution  of  the  same  salt,  the  solution  undei*went  coagula- 
tion, in  the  same  wny  as  normal  blood.  Denis  called  his 
precipitated  proteid -matter  plaainine,  A  little  later  Schmidt 
showed  that  certain  serous  Huids  that  would  not  clot  spon- 
taneously could  be  made  to  da  so  by  abiding  senim  to  them. 
Frotu  one  of  these,  hydrocele  fluid,  he  prepared  by  Denis' 
method  a  proteid  which  he  called  Jih-iitogen,  The  serum  which 
set  up  the  ixiagulatiou  in  the  hydrueele  Huid  yielded  another 
proteid  when  similarly  Siiturated.  Schmidt  called  this  Jibrino- 
pUistin.  Neither  serum  nor  hydrocele  fluid  will  clot  spon- 
taneously, nor  will  solutions  of  the  precipitates  obtained  from 
them  in  this  manner.  The  mixwl  liquids  or  the  mixed  solutions 
of  their  saturation  j^recipitat'iis  will  however  give  a  true 
coagulum.  Schmidt  found  that  the  formation  of  the  clot 
depended  on  the  presence  of  a  third  fattyr  which  was  present 
with  his  tibrino-plastin  when  prejiai-ed  by  saturation  of  the  serum 
with  salt.  When  this  proteiil  was  prepared  by  passing  a  stream 
of  COj  through  considerably  diluted  serum,  its  solution  did  not 
always  cause  clotting  when  added  to  a  solution  of  fibrinogen. 
Schmidt  held  that  the  presence  of  this  third  body  was  necessary 
for  the  interaction  or  union  of  the  other  two.  He  sought 
for  it  in  the  serum,  and  in  1872  separated  it  in  a  crude 
condition  by  precipitating  the  protcids  of  the  serum  with  a 
lai^e  excess  of  alcohol.  The  precipitate  was  allowed  to  stand 
under  alcohol  for  a  long  time  till  the  proteids  were  rendered 
almost  entirely  insoluble;  it  was  then  separated  by  decontation 
or  filtration  and  dried.  A  watery  extract  of  the  powder  so 
produced  was  found  to  be  capable  of  brining  abnut  cougulation 
in  snch  of  his  preparations  of  fibrinogen  as  would  not  clot 
spontaneously.  Schmidt  gave  this  thinl  factor  the  name  of 
^rin-ferment.     Uis   fibriuo-plastin   was  subsequently   named 
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partifflohuliu  or  serum- fflobiUin.  lU  reactions  showing  that  like 
fibrinogen  it  was  u  member  of  the  globulin  class  of  protoids. 
Schmidt  explained  coagulation  by  saying  that  these  two  glo- 
bu!inf>  intei-acted  with  eath  other  under  the  influence  of  the 
fibrin-ferment  to  form  fibrin. 

Some  years  later,  Hammarsten  abowed  thai  the  presence 
of  serurit-globuliii  is  not  necensary  for  the  formation  of  Hbriu, 
but  that  the  j»art  which  it  takes  in  the  process  can  be  sustained 
by  other  sulwljinces.  such  as  calcium  chloride  and  impure 
casein.  Serum-globulin  itself  wlien  pure  is  without  effect. 
He  was  thus  led  U>  the  view  that  the  fonnation  of  fibrin  is  due 
to  the  action  of  the  fibrin-ferment  upon  fibrinogen  oidy.  under 
certain  favourable  conditions,  which  are  usually  realised  in  the 
presence  of  seruiii-globulin. 

The  process  of  the  coagulation  of  shed  blood  it*  thus  found 
to  be  a  fennent  action,  and  the  fibrin-ferment  has  within  the 
past  twenty  years  been  the  subject  of  much  careful  investigation. 
Its  behaviour  indicates  that  it  belongs  to  the  great  group  of 
enzymes,  more  closely  approaching  rennet  than  any  other  so  far 
discovered.  It  shows  the  stime  dependence  upon  tenii»erature 
as  the  other  enz)'mes,  having  a  minimum  activity  at  a  very  low 
point,  rising  thence  to  an  optiuium  at  about  38" — 40°  C,  and 
being  destroyed  at  about  50"  C.  It  does  not  apparently  enter 
into  the  reaction  by  uniting  with  fibrinogen,  nor  does  it  undergo 
destruction  in  the  course  of  its  activity.  The  decomposition 
it  sets  up  is  not  certainly  known,  but  it  appears  to  behave  after 
the  manner  of  rennet,  ilecomposiug  tlie  fibrinogen  with  the 
fisrmation  of  an  in-solublo  pruteid,  JihHn,  and  a  soluble  one  of 
globulin  character  which  remains  in  solution.  This  decompo- 
sition recalls  the  formation  of  tyrein  and  the  whey  proteid. 

We  have  seen  that  the  fibrin  ferment,  which  has  recently 
been  named  thrombuise,  or  thruvibin,  was  originally  prepared  by 
Alexander  Schmidt  from  defibriutitcd  blood  or  from  the  serum 
which  separates  out  from  a  [inrmal  clot.  This  is  not  however  its 
only  possible  source,  for  it  may  be  obtained  with  OLjual  ease  and 
in  much  greater  amount  from  the  fibrin  which  i.s  fornietl.  Aoi 
indication  of  tbi.s  fact  was  first  obtained  iu  18U5  by  Buchanan 
who  found  that  both  hydrocele  and  pericardial  fluids,  which  are 
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not  spontaueou.sly  coagiilable,  would  produce  a  clot  on  the 
addition  of  some  Bbrin.  Buchanau  diluted  bluud  with  a  cun- 
biderable  quantity  of  water,  thereby  delaying  tiie  protiess  of 
coagulation,  and  causing  the  clot  when  formed  to  be  of  a  loose 
fibrous  oharacter.  The  fibrin  could  be  removed  from  the  blood 
as  it  was  formed  by  stirring  the  lattt^r  coti^laittly  with  u  bundle 
of  twigs  to  which  the  fibrin  adhered.  Buchanan  called  his 
preparatiun  "  washed  blood  clot."  Many  years  later  Gamgee 
aficertaitieil  that  the  washed  blood  clot  when  extmcted  with 
a  solution  of  sodium  chloridi;  containing  about  8  per  cent,  of 
the  salt,  yielded  a  very  active  ferment  Subsequently  other 
observers  showed  that  normal  fibrin,  obtained  from  blood  with- 
out dilution,  yielded  an  equally  active  extract.  The  throinbase 
can  consequently  be  prepared  ti*oni  the  fibrin  of  the  clot  or  from 
the  serum  which  exudes  from  it  after  standing. 

Thrombase  does  not  exist  in  normal  blood  before  coagulation 
has  taken  place.  If  blood  is  shed  from  a  vein  or  artery  directly 
into  alcohol  and  suh^equently  tretited  in  the  way  Schmidt 
treated  his  serum  or  defibrinat<»d  blood,  the  solution  or  extmct 
of  the  precipitated  proteids  will  not  cause  coagulation  of  serous 
fluids.  The  api>earHnce  of  the  thrombase  appears  to  be  almost 
coincident  with  the  txct  of  coagulation.  Schmidt  stated 
that  just  at  this  moment  thert!  occufk  a  disintegi-alion  of  the 
colcHtrlesH  ciurpuscles  or  leucocytes,  and  suggested  that  this  was 
the  decomposition  which  gives  rise  to  the  enzyme.  This  is 
supported  by  an  earlier  observation  of  Buchanan  that  when 
coagulation  is  retarded  to  such  an  extent  that  the  red  corpuscles 
sink  to  the  bottom  of  the  liquid  before  it  takes  place,  the 
supernatant  plasma,  known  as  the  buffy  coat,  yields  a  more 
active  "  washed -blixxl-clot "  than  the  rest  of  the  blood.  This 
buff}'  coat  contains  the  greatest  abundance  of  the  leucocytes, 
which  sink  much  more  slowly  than  the  rod  corpuscles.  He 
therefore  concluHed  that  the  power  of  the  washed  clot  to  set  up 
coagulation  depended  on  its  cellular  elements. 

The  nature  of  the  fibrin -ferment  as  obtained  from  the  two 
sources  mentioned  does  not  appear  at  fii-st  sight  to  be  the  same. 
When  pix'parod  by  Schmidt's  method  it  si^ms  improbable  that 
it  is  of  a  proteid  nature,  as  all  the  proteids  of  the  blood  he  used 
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may  be  aupposed  to  be  congiilateil  and  rendered  insoluble  by  & 
prolonged  exposure  to  the  action  of  the  alcohol.  As  extracted 
from  tibriii  however  it  appears  likely  to  belong  to  the  class  of 
globulins,  proteids  which  are  inRolnble  in  water,  but  soluble  in 
solutions  of  floilium  chloride  or  other  iM?utrn!  sail*.  Th<*ro  U 
reason  to  think  however  that  the  difference  is  more  a]»parent 
than  real,  for  Schmidt  says  he  never  obtained  his  ferment  free 
from  proteidjrt,  and  he  found  it  mi>st  active  when  the  admixture 
with  proteid  was  greatest.  It  is  not  difficult  to  suppose  that 
his  proteids  wei-e  not  completely  rendered  insoluble  by  the 
alcohol.  He  says  moreover  that  he  was  never  able  to  obtain 
his  fibrino-plastiu  (serum  globulin)  free  from  ferment. 

These  onnsiderations  led  most  observers  to  entertain  the 
opinion  that  the  ferment  was  proteid  in  nature  and  was  closely 
asfiociat-ed  with  the  Ftiinn-glohiilin. 

On  the  other  htmd,  the  globulins  are  always  precipitated  or 
coagulated  by  being  he^teiJ.  Heat  coagulation  of  a  proteid 
must  not  he  confused  with  the  coagulation  of  the  blood  or  of 
milk,  as  it  only  indicates  a  conversion  of  the  pmteid  into  a 
peculiarly  insoluble  form  and  not  the  formation  of  a  clot.  It 
is  a  little  unfortunate  that  the  same  term  is  applied  to  two 
different  processes.  When  an  albumin  or  a  globulin  in  solution 
is  heated  to  a  tempenvlure  usually  about  70"  C,  it  is  converted 
into  the  insoluble  body  in  question,  which  is  known  as  coagnlated 
proteid.  Schmidt  says  tLat  when  aqueous  solutions  of  his  fer- 
mrnt  were  boiled  they  did  not  throw  down  any  of  this  proteid, 
though  the  specitic  action  of  the  enzyme  was  destroyed  at  & 
temperature  of  70°  C.  The  sjinie  observation  was  made  by 
Sheridan  Le-a,  in  conjunction  with  the  writer,  in  the  course  of 
some  experiments  made  upon  thf  preparation  of  throinbase 
from   fibrin. 

The  \\<L\\  that  the  enzyme  is  a  proteid  was  very  strongly 
urged  by  Halliburton,  who  prejmred  it  from  the  leucocytes  of 
the  lymphatic  glands.  He  iisaociated  it  with  a  particular 
proteid,  much  resembling  serum-globulin,  but  differing  from  the 
latter  in  a  few  paiticulars,  one  of  which  is  its  heat-coagulation 
point.  The  change  on  heating  in  5 — 10  per  cent,  sodium 
chloride   solutions   takes    place  at   60 — 65'  C,   while   serum- 
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globulin  18  not  affected  below  73"  C.  Hallibtirtoii  onginally 
called  this  proteid  "  cell -globulin." 

The  probability  that  the  senim-globulin  and  the  ferment 
are  distinct  is  confinned  by  Hammarsteirs  statement  that  he 
obtained  fniin  hydrocele  fluid,  which  is  not  spontnneouly  coagu- 
labU%  a  pure  para-globulia,  (serum-globulin)  which  was  free  from 
ferment  and  which  had  no  fibrinu-plaatic  activity. 

In  senini  obtained  from  ft  normal  clot  these  two  globulins 
exist  together,  and  the  pi-esence  of  two  rather  than  one  escaped 
detection  until  Halliburton's  i-esearches. 

More  recently  Halliburton  has  found  reason  to  doubt  that 
his  cell-gtobulin  is  a  true  proteid,  as  it  leaves  on  gastric 
digestion  a  residue  of  nucleiu,  a  budy  containing  phosphorus. 
In  his  latest  work  he  includes  it  in  a  group  of  bodies  allied  to 
protcids  and  known  as  imcleo-protetds.  Pekelhariug  has  come 
independently  to  the  same  view.  Halliburton  says  further  that 
when  thrombase  is  prepared  accoiiJing  to  Schmidt's  method, 
it  gives  reactions  which  show  that  it  belongs  to  this  group. 
Thrombase  is  therefore  a  nucleo-proteid,  or  is  associated  very 
closely  with  such  a  body. 

The  story  of  the  coagulation  of  shed  blood  is  however  much 
mort*  complicated  than  would  appear  frr)m  what  hits  so  far 
beeu  advanced.  It  is  found  that  by  many  methods  it  may  be 
very  greatly  delayed  or  altogether  inhibited.  It  may  be  hin- 
dered considerably  by  keeping  the  shed  blood  at  a  very  low 
temperature,  the  blood  of  the  horse  being  peculiarly  susceptible 
to  this  iiiHuenee.  If  the  blood  when  shed  is  at  once  mixed 
with  Strang  solutions  of  various  neutral  salts  it  will  remain 
fluid  for  a  very  long  time,  the  most  efficient  salts  being  the 
sulphates  of  magnesium  or  sodium.  On  copious  dilution,  so  as 
to  make  the  percentage  of  salt  very  small,  coagulation  slowly 
takes  place.  If  a  certain  anumut  of  commercial  peptone,  which 
is  very  largely  mixed  with  proteoses,  is  injected  into  the  veins 
of  a  dog  previously  narcotised  with  chlornfurm,  and  the  blood 
then  withdrawn  from  the  animal,  it  remains  Buid  indoflnitely. 
In  some  eases  the  same  result  follows  when  solution  of  peptone 
is  added  to  the  blood  as  it  is  being  shot].  If  an  oxtnict  pre- 
pared from  the  head  and  pharynx  of  the  common  leech  is  mixed 


S54 


THB  OLOTTINO  ENZYMEH. 


with  shed  blood,  the  process  of  clotting  does  not  take  place. 
This  extract  contains  a  peculiar  proteose.  Other  methods  of 
maiutainiiig  its  fluidity  when  shed  will  be  referred  to  subse- 
quently. 

Blood  kept  Huid  by  such  methods  yields  thus  different 
plaantas  which  are  not  sp>DtaneouBly  coagutabic  but  which  by 
rliffercnt  treatment  can  be  made  to  yield  a  clot.  These  are 
generally  referred  to  as  "salted  plasma,"  "peptone-plasma," 
"  Iccch-cxtract  plasma,"  etc. 

The  influence  of  the  inorganic  salts  present  in  the  liquor 
sanguinis  must  be  takeu  into  account  iu  the  study  of  the 
phenomena  of  coagulation.  If  blood  is  kept  fluid  by  any  of 
the  methods  in  vogue  and  dialysed  till  quite  free  from  salts,  no 
ooagulation  can  be  induced.  Of  all  the  .salts  present  in  the 
plasma,  the  compuuuds  of  calcium  invite  particular  attention. 
It  was  Hrst  demonstrabcfl  by  Brticke  that  the  ash  of  fibrin 
always  contains  this  metal  in  some  combination.  The  writer 
found  in  1S84  that  Hbriu  prepared  by  whipping  blood  always 
contains  a  certain  quantity  of  calcium  .sulphate  which  can  be 
extracted  by  appropriate  means.  As  already  stated  Uam- 
marsten  showed  that  calcium  chloride  could  take  the  place  of 
paraglobulin  in  mdiug  the  action  of  thrombase. 

The  writer  found  in  1885  that  when  a  salted  plasma  was 
diluted  so  that  its  normal  coagulation  took  place  in  about  an 
hour,  it  could  be  made  to  clot  iu  a  lew  minutes  by  the  addition 
of  a  few  drops  of  calcium  sulphate  solutiou.  The  salted  plasma 
itself  of  course  coiitaiiicd  suine  of  the  enzyme,  the  action  of 
which  was  temporarily  inhibited  by  the  magnesium  sulphate 
used.  Addition  of  calcium  sulphate  to  a  serous  fluid  such  as 
hydrocele  which  contains  no  ferment  caused  no  coagulation. 

Th«  couclusioD  was  obvious,  that  in  some  way  or  other  the 
thrombose  was  dependent  upon  a  c«itcium  salt,  possibly  the 
sulphate,  for  its  manifestation. 

This  conclusion  was  boiTic  out  by  depriving  horse's  blood  of 
its  salts  by  a  long  process  of  dialysis,  which  was  carried  out  in 
tubes  surroundwi  by  ice.  When  the  blooil  of  the  horse  is 
maintained  at  a  temperature  of  O^C  as  already  stated,  coagu- 
lation may  in  favourable  cases  be  indefinitely  postponed.    After 
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a  loEg  period  of  dialysis  all  the  salts  were  removed  except 
sodium  chloride,  the  presence  i>f  which  is  necessary  to  keep 
the  globulins  from  precipitation.  Thia  was  therefore  kept  in 
the  blood  by  causing  the  dialysis  to  take  place  into  '6  per  cent. 
Hodium  chloride  solution.  Such  plasma  removed  from  the  ice 
and  subjected  to  the  temperature  of  tht;  body  refused  to  clot, 
either  with  or  without  dilution.  On  the  addition  of  a  little 
solution  of  calcium  sulphate  solution  clotting  speedily  took 
place.  Precipitation  of  calcium  sulphate  from  the  bbod  by  the 
addition  of  barium  chloride  materially  hindered  coagulation 
but  did  not  altxigether  prevent  it.  It  seemed  from  these 
experiments  probable  that  calcium  sulphate  was  a  necessary 
factor  in  the  process.  Its  removal  by  barium  chloride  was  not 
complete. 

In  1888  Arthus  and  Pag^s  discovered  that  coagulation  may 
be  almost  entirely  prevented  by  mixing  the  blood  with  a  0*2 
per  cent,  solution  of  potassic  oxalate.  This  reagent  forms  an 
insoluble  compound  with  calcium  salts  and  thereby  removes 
nearly  all  that  metal  from  the  liquid.  It  is  much  the  best 
precipitant,  as  no  other  throws  the  calcium  out  of  solution  to 
so  great  an  ext4*nt. 

It  is  stated  by  Schafer  that  cvl'u  oxalated  plasma  »lowly 
coagnlates,  so  that  even  rendering  the  greater  part  of  the 
calcium  insoluble  does  not  entirely  prevent  its  interaction  with 
hbrinogen. 

Other  observers,  especially  Ringer,  have  found  that  other 
salts  of  calcium  than  the  sulphate  are  able  to  cause  coagulation 
in  salted  plasmas.  Of  these  may  be  mentioned  the  chloride 
and  the  phosphate.  Neither  acts  however  so  raj>tdly  as  the 
sulphate.  Whether  the  latter  is  the  actually  interacting  body 
must  be  left  at  present  uncertain,  but  it  is  not  impos.'*ible,  for 
the  blood  contains  sulphates  of  other  metids,  which  would 
cause  the  formation  of  calcic  sulphate  on  addition  of  any  other 
soluble  calcium  salt  The  occurrence  of  calcium  sulphate  in 
6brin  may  Ire  rem«ml)erL'd  in  this  connection. 

The  theory  of  coagulation  already  stated  needs  amplifying 
in  the  light  of  these  facts;  the  conversion  of  iibrinogen  inUr 
fibrin  occui-a  only  under  the  influence  of  certain  salts  of  cjilcium. 
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The  piirt  played  by  the  salt  of  calciam  is  at  present  still  ol>- 
scure.  Whea  ne  cousider  that  calcium  is  alvaj's  present  in  the 
ash  of  fibrin  it  aeems  at  6rM  sight  rerj  posHtble  that  the  littter 
16  produced  by  the  unioD  »f  the  fibrinogen  and  either  calcium 
or  Murne  cutnpuund  u(  it,  and  thai  the  work  of  the  thn>(ubat<e  ih 
to  ncnre  their  combination.  But  experiment  and  analysis 
alike  negative  this  t3Ufip(»citi<jn-  With  a  oonndenlile  qnantity^ 
of  fibrinogen  in  a  solution  the  weight  of  fibrin  fanned  does  not 
van'  with  the  amount  of  calciam  salt  fntrudnced-  A  veiy 
amall  quautity  induces  coagulation,  and  a  larger  qoantily  does 
DO  more,  liamnuusten  has  shown  recently  that  fibrinogen  and 
fibrin  both  oonUin  the  same  amount  of  calcium,  so  that  the 
latter  cannot  be  a  calcium  compound  of  the  fanner. 

From  the  experiraente  atready  referred  to  the  writer  was 
led  to  advance  the  view  that  the  thrombaae  might  exi>^  in  the 
blood  in  the  form  of  a  zymogen,  and  that  under  the  influence  of 
the  calcium  salt  it  might  be  converted  into  the  active  en^rme. 
He  was  unable  however  to  obtain  any  evidence  in  support  of  this 
hypothesis  More  recently  the  same  view  has  been  put  fonrud 
by  Pekelhariug,  who  has  been  able  to  bring  forward  some 
experimentB  which  tend  to  estoblish  it«  accnncy.  He  haa 
prepared  irom  various  fonns  of  extra- vascular  plasma  a  sub- 
stance which  possesses  no  fibrino-plastic  properties,  but  which 
by  treatment  with  a  salt  of  CAlcium,  acquiiea  the  power  of 
netting  up  coagulation  in  solutions  of  fibrinogen.  This  sub- 
itence  appears  to  be  identical  with  Halliburtou's  so-called  **  cell- 
globulin/'  which  is  really  a  nucleo-pixiteid,  as  already  shown. 
Hammarsten  abo  has  shown  that  the  nudeo-proieid  can  be  pre- 
pared from  plasma,  and  that  it  is  iucapaUe  of  acting  as  a  fer- 
ment until  it  has  been  exposed  tu  the  action  of  soluble  snlts  of 
calcium.  Pekelharing  htt^  suggested  that  the  intcfactioo  of 
the  oakaum  salt  with  the  nncleo-proteid  n-mogen,  which  has 
been  called  prothroaUnn,  is  really  a  union  of  the  two,  but 
this  view  has  not  at  present  met  with  general  aooeplanoe  by 
phynologista. 

Throrabase  is  thus  seen  to  pimimii  the  popartiea  of  an 
enzyme.  Its  activity  shows  the  same  depatdence  on  tempera- 
ture that  ha«  been  noted  in  the  cases  of  the  other  soluble 
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fcrmcntH  which  have  so  far  been  discussed.  A  very  small 
quantity  will  induce  clotting  in  a  very  large  amount  of  blood, 
the  time  it  takes  to  bring  about  the  change  being  approxi- 
mately in  inverse  ratio  to  the  amount  present.  It  exists  in 
the  living  body  in  the  state  or  condition  of  a  zymogen,  but  it  is 
peculiar  in  its  mode  of  conversion  from  the  latter,  calcium  in 
one  or  other  of  its  combinations  being  necessary  for  the  trans- 
formation. The  reason  why  the  interaction  of  the  two  docs  not 
normally  take  place  in  the  living  blood-vessels  has  not  been 
satisfactorily  ascertained. 

Thrombsife  is  peculiar  in  many  ways.  It  shows  a  very 
great  susceptibility  to  the  influence  of  certain  neutral  salts. 
Its  action  is  impeded  by  the  sulphates  of  magnesium  and 
sodium,  and  to  a  less  degree  by  the  chloride  of  the  latter  metal. 
Coagulation  is  almost  entirely  inhibited  by  sohible  oxalates, 
but  on  the  other  hand  It  is  aided  conspicuously  by  the  presence 
of  salts  uf  calcium,  especially  the  sulphate ;  indeed  the  action 
of  the  enzj-me  ia  only  possible  in  their  presence.  Whether  all 
these  affect  the  formation  of  thrombase  fi*om  its  zymogen,  or 
whether  they  influence  rather  its  activity,  are  points  which 
are  still  matters  of  controversy.  We  have  seen  reason  to 
believe  that  the  salts  of  calcium  are  concerned  in  the  forma- 
tion rather  than  the  working  of  the  enzyme. 

According  to  Dastre  a  neutral  reaction  is  the  most  favour- 
able for  the  exhibition  of  its  activity.  Indeed  he  says  that 
when  working  with  any  artificial  plasma,  neutralisation  always 
accelerates  coagulation.  Hammarsteu  found  that  the  neu- 
tralisation of  many  serous  transudations  not  spontaneously 
coagulabte,  often  led  to  the  formation  of  a  clot. 

The  action  of  thrombase  is  inhibited  by  certain  organic 
bodies,  of  which  the  chief  are  certain  albumoses  or  peptones. 
The  secretion  of  the  buccal  glands  of  the  leech  also  prevents  ita 
action. 

The  reason  of  the  inhibitory  effect  of  some  of  these  bodies 
has  been  ascertained.  The  soluble  oxalates  form  a  compound 
with  the  calcium  which  is  insoluble  and  which  consequently 
withdraws  this  metal  in  great  part  from  the  solution.  Schafer 
has  shown  that  this  removal  does  not  in  all  cases  prevent  the 
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altiniate  clotting  of  the  plasma.  The  interaction  however  be- 
tween the  oxalates  and  the  soluble  calcium  saltn  docs  not  effect 
the  total  removal  of  the  latter.  When  two  soluble  salts  wiiich 
can  exchange  their  metals  with  one  another  are  mixed  in  a  sola- 
tion,  the  interchange  between  them  is  never  complete,  but  takes 
place  up  to  a  certain  point  at  which  a  d\'namical  equilibrium  is 
reached  between  all  four  of  the  possible  combinations.  Thifi 
point  will  vary  according  to  the  relative  amounts  of  the 
originally  interacting  bodice,  but  the  interchange  is  never 
complete  unless  one  of  the  new  products  is  withdrawn  as 
fast  as  it  is  formed.  Even  on  the  addition  thort^fore  of  consider- 
able excess  of  the  oxalates,  some  soluble  salt  of  calcium  will 
remain.  This  agrees  with  Schafor's  obson'ation  thiit  the  onset 
of  coagulation  is  very  materially  postponed  but  not  altogether 
prevented. 

The  action  of  peptone  and  leech-extract  is  considered  by 
some  physiologiats  to  be  of  the  same  order.  They  hold  that 
these  bodies  enter  into  combination  with  the  calcium  salts,  and 
so  prevent  the  foraialion  of  the  enzyme.  It  is  noteworthy  that 
if  a  stream  of  carbon-dioxide  is  passed  through  a  peptone- 
plasma  which  is  not  spontaneously  coagulable,  it  soon  clots. 
The  carbon-dioxide  appears  to  break  up  the  union  between  the 
peptone  and  the  calcium  aalt,  and  .so  restores  the  conditions 
necessary  for  clotting.  Addition  of  more  calcium  salt  to  the 
peptone- planma  will,  in  like  manner,  enable  coagulation  to  take 
place. 

Other  physiologists,  with  less  prribability,  attribute  to  the 
peptone  or  alburaoee  a  power  of  destroying  the  enzyme  alto- 
gether. Dickinson  claims  that  this  Is  undoubtedly  the  effect 
of  the  leech-extract 

It  is  nut  possible  at  present  to  explain  the  inhibitory  effect 
of  magnesium  and  sodium  sulphates.  It  seems  probable  that 
they  interfere  in  some  way  with  the  enzyme  and  not  with  the 
calcium  salt.  Sodium  chloride  in  excess  may  be  supposed  to 
act  like  the  oxahites,  but  much  less  completely,  calcium  chloride 
being  soluble. 

A  further  condition  of  the  action  of  thrombose  is  that  the 
blood  ehall  be  withdrawn  from   the  body.    In  some  way  or 
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other  the  bloml  in  the  living  v<'.ssels,  or  thu  ve>>sels  themselves, 
t'itlier  destroy'  it  or  altogether  inhibit  its  action.  Most  ob- 
aervers  have  found  that  the  injectioD  of  a  powerful  ferment- 
extract  into  the  veins  of  a  living  animat  docs  not  produce  any 
intravascular  clotting,  even  if  considerable  quantities  are  uHcd 
and  if  soluble  salts  of  calcium  are  eiraultaneously  introduced. 
Halliburton  saya  that  if  very  largo  quantities  of  thrombaso  are 
injected  into  the  vessels,  the  blood  coagulates  more  rapidly  than 
normal  blood  when  it  is  Bubsequently  withdrawn.  There  appears 
to  be  a  destruction  of  the  enzyme  on  its  introduction  into  the 
body.  Such  a  destruction  moreover  may  be  normally  taking 
place  in  the  blood.  We  have  already  seen  that  one  source  of 
the  enzyme  is  the  leucocytes  of  blood  or  lymph,  Schmidt  was 
of  opinion  that  the  amse  of  its  formation  v/aa  the  disintegration 
of  these  leucocytes,  which  he  found  to  take  place  as  soon  as 
blood  is  shed  As  these  celU  are  continually  being  decomposed 
in  the  living  body,  we  must  suppose  that  they  do  not  under 
these  conditions  form  thrombase,  or  that  it  is  destroyed  as  soon 
as  formed,  or  that  the  living  blood  or  the  vessels  in  which  it 
flows  prevent  the  action  of  the  euzyme  on  the  6brii)ogen. 
The  absence  of  coagulHiion  caiiuot  be  due  to  a  deficiency  of 
calcium  salts,  for  the  mere  shedding  of  the  blood  caimot  affect 
the  amount  of  these  which  it  contains.  The  observation  of 
Schmidt  that  when  normal  blood  is  allowed  to  flow  into  alcohol, 
no  enzyme  can  be  extracted  from  the  precipitate  which  is 
formed  in  the  spirit,  suggests  that  an  actual  destruction  of 
thrombase  takes  place  in  the  blood-vessels. 

The  action  of  thrombase  on  fibrinogen  may  be  compared 
with  that  of  rennet  on  caseiiL  In  both  cases  we  have  the 
formation  of  a  very  iasoluble  body,  which  constitutes  the  solid 
matter  of  the  clot,  together  with  the  appearance  of  a  soluble 
proteid  which  appears  to  be  formed  simultaneously.  Denis 
found  that  when  a  solution  of  his  "plasmine"  coagulated,  a 
new  proteid  siibstaiice  was  present  in  the  solution.  Ho  gave 
it  the  name  of"  fibrinc  soluble,"  to  distinguish  it  from  the  normal 
Hbrin  of  the  clot.  Hammarsten  has  observed  that  the  decom- 
position  is  attended  by  the  appearance  of  this  new  body,  wliich 
he  says  is  a  globulin  coagulating  when  heated  to  64°  C     More 
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recently  Arthus  has  ooofirined  the  obflcrvati<Mi.  He  finds  tlut ' 
in  an  oxatated  plasma  the  weight  of  Bbriu  produced  hy  the 
addition  of  a  mhiblo  salt  of  calcium  is  less  than  the  weight  of 
the  Hbriaogen  which  can  be  obtained  by  heating^  an  eqa^ 
Toliiine  uf  the  plasma  to  the  point  at  which  this  proteid  ii 
precipitated,  and  is  therefore  considerably  less  than  the  total 
weight  of  the  fibrinogen  present,  for  many  observers  have 
noticed  that  this  proteid  does  not  all  separate  out  when  its 
solutions  are  heated  to  56"  C.  If  thit-  observation  is  correct, 
it  follows  that  in  the  formation  of  fibrin  from  fibrinogen  there  J 
must  be  a  Hplittiog  or  decomposition  of  the  latter.  Ooagulatioo  ' 
cannot  therefore  be  due  to  a  combination  of  fibrinogen  with 
calcium ;  a  conclusion  which  wc  have  seen  already  to  be  reached 
by  a  different  method  of  experiment. 

Besides  being  obtainable  from  the  Bcrum  and  fibrin  of  shed 
blood,  thrombase  can  be  prepared  from  many  of  the  tia»ues  of 
the  body.     Halliburton  haw  extracted  it  from  leucocytes 
lymphatic-glands,  from  the  glands  themselves,  from  the  thymus 
and  from  the  stromata  of  the  red  corpuscles.     He  says  that  al 
|nx)teid  which  can  be  obtaine<i  from  mnscle-juice,  to  which  he 
has  given  the  name  inyosinogen,  has  precisely  the  same  action  ^ 
on  diluted  salted  pinsma  as  his  cell-globulin  or  nucleo-pruteid  | 
hiks,  though   he   hesitates  to  identify  it  with   fibrin- ferment. 
Bucliftimu  found  that  many  of  the  tiMues  of  the  body  pos- 
s(*hs(m1  the  power  of  setting  up  clotting  in  serous  Huids  that  I 
wcri'    not    spontaneously   coagulable.       He    instances   muscle,  I 
eniuuH^tive    tisane,  and   certain    parts   of  the    central  nervoos 
nyNt**m.    Vikdhariug  has  prepared  a  nucleo- proteid  from  muscles 
by   huxoi'rating   thcra   in  a   25   per  cent  solution  of  sodium 
oiuhnniilo,  and  adding  acetic  acid  to  the  extract  till  a  prccipitabo 
(Wlln,     Ho  says  this  causes  coagulation  of  the  blood  if  it  is  in- 
JwUhI  into  a  vein. 

Tlir  t|ncKl-i(>n  nf  intravascular  clotting  and  its  relation  to 
Ihronibiuto  is  still  very  obscure.  Though  most  observei-a  agree 
that  the  injection  of  a  very  active  preparation  of  the  ferment 
into  tho  blitod-vossels  of  an  animal  is  not  followed  by  coagulation 
of  its  blood,  some  exceptions  have  been  noticed. 

Edelberg  has  shown  that  intravenous  injection  of  Schmidt's 
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fibrin-ft^rment  may  produce  coagulation  of  the  blood  in  the 
veua  cava,  the  right  side  of  the  heart,  and  the  pulmonary 
arteries.  General  intravascular  clotting  may  be  caused  by  the 
injection  into  the  vessels  of  certain  proieids  which  were  first 
prepared  by  Wooldridge  and  named  by  him  "tissue  fibrinogens." 
These  now  appear  to  be  nucleo-proteid  bodies,  coniparuble  with 
Pekelharin^'.s  product  obtained  from  muscle,  and  perhaps  also 
with  the  prothrombin  which  can  be  prepared  from  plasma  and 
other  sources  as  already  described.  If  these  bodies  are  injected 
rapidly  in  large  cjuantity,  almost  iuslautaucous  coagulation  of 
the  blood  takes  place.  If  on  the  other  hand  the  injection  is 
carried  out  slowly  and  not  much  of  the  nucleo-proteid  is  in- 
troduced, the  blood  becomes  loss  cfmgulable.  The  nature  of  the 
changes  which  are  thus  set  up  and  their  relation  to  the  form- 
ation or  the  action  of  thrombaso  need  further  investigation, 
Schiifer  suggests  that  wheu  these  nucleo-proteids  are  either 
naturally  fonned  in  circulating  blood,  or  are  artificially  in- 
jected into  the  vessels,  they  tend  to  interact  at  once  with  the 
calcium  salts  of  the  pla.sma  and  to  form  thrombase,  intravascular 
coagulation  being  the  result.  It  is  dilificult  however  to  recon- 
cile thi^  with  the  observation  that  the  injection  of  active 
thrombose  into  the  vessels  generally  fails  to  produce  such 
coagulation. 

Crustacean  Fibrin-ferment, 

A  coagulation  which  somewhat  closely  resembles  that  of  the 
blood  of  Vertebrate  animals  can  be  observed  to  take  place  in 
the  haemolyinph  of  many  of  the  decapod  Crustacea,  the  most 
convenient  animals  for  examination  being  the  lobster  ( fTowiuru* 
vtUgariis),  the  crab  {Carcinus  nuenajt),  and  the  marine  and  fresh- 
water cray-fishea.  The  fluid  in  question,  which  is  often  spoken 
of  as  blood,  is  of  a  very  pale  red  colour  or  nearly  rolourlc-ss.  It 
is  somewhat  opalescent  from  the  presence  of  numerous  amoeboid 
corpuscles. 

When  this  blood  or  hsemolymph  is  shed  &oni  the  animal 
and  collected  into  a  vessel  it  very  quickly  forms  a  clot  in  which 
the  appearauce  of  a  network  of  Gbres  can  be  traced.  The  clot 
very  soon  contracts  and  squeezes  out  a  clear  duid,  which  in 
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a  few  more  minutes  sets  into  the  form  of  a  jeHy.  The  prooeas 
of  coagulation  appears  to  take  place  in  two  stages,  the  first  clot 
only  being  fibrous.  The  translucency  of  the  second  jelly-like 
coagiilum  shows  that  the  corpuscles  of  the  blood  are  entangled 
in  the  first  fibrous  formation.  After  a  few  houra  the  second 
clot  also  shrinks  &nd  squeeze§  out  a  liquid  which  has  no 
further  power  of  coagulating,  but  which  is  the  seniin  of  the 
blood. 

It  was  originally  held  that  the  two  clots  had  diflferent 
origins ;  that  the  first  was  made  up  of  the  corpuscles,  which 
were  thought  to  coalesce  together  after  the  manner  of  the 
Plasmodium  of  a  Myxomycetous  fungus,  while  the  second  was 
due  to  the  formation  of  a  true  fibiin,  identical  with  that 
produced  in  the  blood  of  the  Vertebrata  This  view  wa« 
advanced  by  Fredericq  and  supported  by  Geddes  and  other 
writers. 

Other  observers  suggested  that  the  second  process  was  only 
a  continuation  of  the  first  and  that  both  were  due  to  a  normal 
formation  of  fibrin,  the  chief  difference  between  the  clots  being 
that  the  earliest- formed  fibrin  entangled  the  cells  or  leucocytes 
in  its  fibrils  an  they  were  produced.  The  accuracy  of  this  view 
was  established  in  188.^  by  Halliburton,  who  made  a  very 
complete  examinatioD  of  the  h\ooi\  or  hromulymph  and  the 
phenomena  of  its  coagulation. 

The  blood  contains  two  principal  proteids,  one  of  which  is 
a  form  of  fibrinogen  which  differs  but  little  from  the  fibrinogen 
of  the  blood  of  the  Vertebrata ;  it  possesses  a  somewhat  higher 
heat-coagulation  point,  remaining  unaltered  up  U)  a  tempera- 
ture of  05^  C.  It  is  not  pi'ecipitated  by  sodium  chloride  until 
the  liquid  is  saturated  by  the  salt.  Except  for  this  peculiarity 
it  cam  be  precipitated  from  its  solutions  in  exactly  the  same 
way  as  the  fibrinogen  of  the  higher  animals.  When  extracted 
from  the  blood  and  dissolved  in  a  dilute  Siilt-solutiou  it  will 
undergo  coagulation  on  the  addition  of  a  little  thrombaae,  pre- 
pared from  the  blood  of  a  vertebrate  animal. 

The  pr*)ce8s  of  coagulation  presents  the  same  features  and 
peculiarities  which  are  found  in  connection  with  the  same 
phenomena  in  the  blood  of  the  Vertebrata. 
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It  can  be  delayed  of  prevented  by  appropriate  addition  of 
neutral  salts  such  as  magnesium  sulphate  to  the  blood  as  it  is 
shed.  Usually  a  considernble  quantity  of  the  salt  must  be 
employed.  It  is  affected  by  cold  iu  the  same  way  as  the 
coagulation  of  the  blood  of  a  vertebrate  animal. 

The  correspondence  in  behaviour  with  ordinary  salted 
plasma,  and  especiuDy  the  reaction  with  thrombase,  suggests 
that  the  coagulation  of  crustacean  blood  is  due  to  an  enzyme, 
and  the  first  occurrence  of  the  fibrin  in  direct  relationship  with 
the  leucocytes  points  to  the  latter  bodies  as  its  probable 
source. 

Halliburton  made  a  aeries  of  experiments  upon  these  points 
aud  found  that  the  results  bore  out  the  conclusions  suggested. 
He  was  able  to  prepare  an  enzyme  from  either  the  blood  or 
the  serum  separated  out  from  it  after  coagulatiou.  He  used 
Schmidt's  method  of  preparation,  and  found  that  cither  the 
powdered  precipitate  or  an  extract  of  it  was  easily  able  to  set 
up  coagulation  in  a  solution  of  crustacean  fibrinogen.  He 
ascertained  moreover  that  the  eiizyme  which  he  thus  prepared 
vas  BO  much  like  thrumbaso  as  to  be  able  to  cause  coagulation 
in  a  salted-pla-sma  prepared  fi*om  the  blood  of  a  cat,  and  in  a 
solution  of  fibrinogen  prepared  from  hydrocele  fluid. 

Halliburton  says  that  the  amoeboid  corpuscles  of  the  blood 
are  the  source  of  the  enzyme,  but  he  does  not  quote  any 
experiments  which  definitely  lead  to  that  conclusion.  Hardy 
has  made  a  very  careful  examiuation  of  the  different  kinds  of 
corpuscles  which  the  blood  of  the  Crustacea  contains  and  among 
them  ht'  fituls  stnuf  |mle  ones,  oval  in  .'shajw,  which  contain  a 
small  nunil:>er  of  fine  grannies.  Wht^n  thty«5,  which  occur  in 
oon.stderable  numbers,  are  watched  under  the  microscope  they 
show  some  very  peculiar  feature*.  From  each  a  number  of  fine 
pseudopodia  arc  shot  out  with  some  suddenness  and  little 
portions  of  the  protoplasm  travel  rapidly  along  them,  and  burst, 
after  swelling  up  to  form  a  kind  of  vesicle.  The  pseudopodia 
vary  in  number  and  in  shape;  indeed  the  protopla.sm  of  the 
surface  of  the  cell  sometimes  swells  aud  bursts,  without  any  for* 
matioD  of  them  at  all.  These  changes  are  associated  with 
remarkable  alterations  of  the  nucleus  of  the  corpuscle.     Hai-dy 
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has  called  them  "  explosive  corpusclea,"  aud  has  associated  the 
formation  of  the  fibrin-ferment  with  them,  on  account  of  the  fact 
that  they  are  the  only  ones  which  are  disintegrated  at  all  rapidly 
after  the  shedding  of  the  blood.  He  says  that  there  is  a  marked 
correspondence  in  time  between  their  solution  aud  the  solidifi- 
cation of  the  pliwma,  aud  that  Bubstauces  auch  aa  very  dilute 
unlutiors  of  iodine,  which  keep  the  corpuscles  from  exploding, 
delay  in  about  the  same  degree  the  coagulation  of  the  blood. 
He  calls  attention  to  the  fine  granules  described  as  apijeaxiiig 
in  these  cells,  aud  shows  that  if  the  cells  are  prevented  from 
breaking  up  while  the  granules  are  allowed  to  dissolve  out  of 
them  slowly,  the  onset  of  coagulation  corresponds  with  the  time 
of  the  dischaige  of  these  granules  from  the  corpuscles.  There 
is  thus  a  certain  amount  of  evidence  that  these  explosive  cor- 
puscles secrete  a  form  of  fibrin-ferment,  which  is  probably 
identical  with  thrombase  prepared  fi-om  the  higher  animals. 

The  coagulation  as  we  have  said  is  seen  to  take  place  in  two 
stagesj  the  first  of  which  is  almost  instautanenus  and  results  in 
all  the  corpuscles  being  enclosed  in  threads  of  fibrin.  This 
must  be  due  to  the  rupture  of  the  explosive  cells  and  the 
liberatioji  of  their  fenueut,  which  causes  the  very  rapid  for- 
mation of  the  fibrin,  the  coagulation  taking  place  before 
dififusion  of  the  liberated  fenneut  can  go  on  to  any  great 
extent.  The  contraction  of  the  fibrin  threads  of  the  clot 
squeezes  out  what  plasma  has  not  coagulated  and  at  the 
same  time  the  ferment  spreads  more  fully  through  the  liquid, 
hesice  the  second  slower  phase  of  the  coagulation  is  seen. 
Although  the  two  coagida  seem  to  the  eye  to  be  quite  distinct 
from  each  other  it  is  very  doubtful  whether  the  second  process 
is  not  a  contiiiuatiuu  of  the  first  one  without  any  break  or 
interruption,  for  the  most  careful  efforts  to  extract  the  first  clot 
from  the  liquid  before  the  formation  of  the  second  have  been 
entirely  unsuccessful. 

MyostH'/ei'metU. 

The  formation  of  myosin,  which  is  characteristic  of  the  onset 
oi  rigor  mortis,  is  a  phenomenon  which  presents  many  features 
in  common  with  the  formation  of  fibrin   in   the  blood.     The 
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similarity  of  the  two  processes  has  been  pointed  out  by  KUhne, 
who  worked  with  the  niuscles  of  irogs,  and  by  Hallibiirbon, 
whose  experiments  were  conducted  on  rabbits,  cats  and  pigeons. 
Both  observers  were  able  to  prepare  from  muscles  by  strong 
pressure  a  liquid  or  plasma  which  (quickly  bcnamc  gelatinous 
in  consistency  and  formed  a  clot.  On  standing  the  clot  shrank 
and  separated  from  a  fluid  comparable  to  serum.  It  was 
necessarj"  in  making  the  experiments  to  carry  out  all  the 
operations  at  a  very  low  temperature,  scarcely  above  O''  C. 

The  two  clots,  obtained  from  bloml  and  muscle  plasma 
respectively^  differ  however  considerably  in  appearance  and  in 
properties.  While  that  from  hUntd  is  stringy  and  its  fibrin 
portion  almost  insoluble  after  it-s  formation,  that  from  muscle  is 
gelatinous  and  soft,  and  reudily  dissolves  in  salt  solutions  of 
moderate  concentration.  The  substance  which  is  formed  and 
which  is  comparable  tu  fibrin  is  known  as  vi^osin, 

Halliburton  showed  a  further  difference  between  the  two  in 
that  the  salt  solution  of  myosin  can  be  made  to  clot  a  second 
time  with  cumparative  ease.  In  some  cases  he  found  that  the 
process  of  redissolution  and  recoagutatiou  could  be  repeated 
three  or  four  times.  A  salt  solution  extract  of  rigid  muscles, 
in  which  the  myosin  had  been  formed  before  their  removal 
from  the  b<xly,  behaved  similarly. 

When  a  muscle  plasma  is  pi-epared  by  stpieezing  it  from  a 
fresh  muscle  carefully  freed  from  blood  and  manipulated  at 
0"  C,  it  can  be  kept  Bind  for  a  long  periud  in  the  same  way  as 
blood  plasma  by  admixture  with  neutral  salts,  magnesium  or 
sodium  sulphate  and  sixliuni  chloride  being  most  advantageoiiii. 
If  such  a  salted  plasma  is  diluted,  coagulation  slowly  takes  place. 

The  coagulation  is  due  to  the  action  of  an  enzyme  which  is 
present  in  the  muscle,  and  which  aeennling  to  Halliburlon  can 
be  extracted  from  it  by  the  following  method: — 

Muscle  is  allowed  to  undergo  rigor  and  is  then  minced 
finely  and  kept  under  absolute  alcohol  for  a  long  time.  The 
small  pieces  are  dried  over  sulphuric  acid  and  powdered.  An 
aqueous  extinct  of  the  powder  contains  the  ferment. 

If  such  an  extract  is  added  to  a  diluted  salted  plasma 
which  normally  clots  in  12  hours,  the  coagulation  takes  place 
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in  less  thflti  one  quarter  of  the  time.  Addition  of  the  powdered 
muscle  substance  produces  a  similar  effect. 

The  myofiin-Fenneiit  is  associated  with  a  proteid  which  has 
the  properties  of  a  deutero- proteose,  and  whicli  can  be  extracted 
from  the  muscle  plasma  or  from  coagulated  muscle  kept  for  a 
long  time  imder  alcohol.  Halliburton  is  rather  inclined  to  the 
riew  that  this  substance  is  itself  the  enzyme,  much  as  he 
contends  the  nucleo-proteid  or  cell-globulin  already  described  ia 
the  fibrin -ferment. 

I'his  enzyme  is  quite  distinct  from  the  fibrin- ferment,  not 
being  able  to  cause  coagulation  of  salt^  blood  plasmas ;  nor  can 
fibrin-ferment  set  up  clotting  in  muscle  plasma.  They  difTor 
moreover  in  the  temperature  at  which  they  are  destroyed  ;  while 
thrombaae  is  decomposed  at  70" — 80"  C,  the  myosin -ferment  ia 
not  destroyed  till  a  temperature  of  nearly  100' C.  is  reached. 

The  change  which  the  ferment  induces  differs  from  that 
which  is  involved  in  the  formation  of  fibrin.  Muscle  plasma 
contains  four  proteids  which  can  be  converted  into  coagu- 
lated proteid  by  heating.  These  have  been  investigated  by 
Halliburton,  whoso  description  of  their  reactions  may  be  briefly 
summarised  as  follows : 

1.  Paramyosinogen — a  globulin  coagulating  on  heating  to 
47°  C. ;  precipitated  by  magnesium  sulphate  of  50  per  cent, 
concentnition  or  by  26  per  cent,  of  sodium  chloride. 

2.  Myosinogen — a  globulin  coagnlating  at  56"  C  ;  precipi- 
tated by  94  per  cent,  of  inaguesiium  sulphate  or  36  per  cent,  of 
sodium  chloride. 

3.  Myi»gli>biilin — a  globulin  coagulating  at  63°  C. ;  precipi- 
tated by  saturatiou  of  its  solution  with  either  magnesium 
sulphate  or  sodium  chloride. 

4.  Myoalbuniiu — aa  albumin  coagulating  at  73°  C.  and 
not  separated  from  the  plasma  by  saturation  with  either  salt. 

On  removal  of  these  a  deutoro- proteose  remains  iu  the 
solution. 

When  the  serum  from  the  clot  is  examined  it  is  found  to 
contain  no  proteid  coagulating  below  63°  C.  When  the  clot  is 
dissolved  in  dilute  salt  solution  and  the  latter  gradually  heated, 
coagula  occur  at  4.7"  C.  and  at  56"  C 
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The  clot  90  appears  ub  Bret  »iglit  tu  coneist  of  the  two 
myosinogeng.  But  on  separating  thom  by  fractional  procipito- 
tiou  with  magnesium  sulphate  and  dissolving  them  separately, 
clotting  ouly  occurs  in  the  solution  of  the  second  of  them. 
With  care  this  rayosinogen  can  be  prepared  quite  free  from 
ferment,  when  its  solution  remains  fluid  iudefiniteiy.  Addition 
of  ferment  causes  coagulation  to  set  in.  The  myosin  formed 
in  the  clot  of  the  normal  pIoMmu  appears  to  entangle  the 
paramyosinogen  in  its  substance.  Paramyosinogen  itself  will 
not  clot  either  with  or  without  addition  of  the  enzyme. 

The  action  of  the  latter  is  therefore,  according  to  Halliburton, 
to  convert  myosiDOgen  into  myosin.  It  is  not  a  splitting  like 
the  conversion  of  fibrinogen  into  fibrin,  no  second  proteid  being 
formed  coincidently  with  the  clotting.  There  is,  however,  a 
simultaneous  formation  of  a  form  of  lactir  acid  which  appears 
to  arise  from  the  same  or  an  accompanying  decomposition  of 
the  proteid.  The  formation  of  the  myosin  is  also  attended  by 
the  liberation  of  a  considerable  quantity  of  carbon-dioxide. 
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The  formntioii  of  the  vegetable  jellies  which  can  be  prepared 
from  so  many  ripe  fruits  is  due  to  the  action  of  an  enzyme  upon 
a  certain  substance  which  can  be  extracted  from  many  vegetable 
tissues,  in  some  cases  from  cell-walls,  in  others  from  the  sap 
contained  in  the  cells.  This  substance,  which  is  known  as 
pectine,  is  a  member  of  a  series  of  compomids  which  are  very 
widely  represented  in  plants,  being  usually  associated  with 
cellulose  in  the  young  cell-wall.  The  enzyme  which  is  con- 
cerned in  its  transformations  was  originally  investigated  by 
Fremy  in  1840.  He  siiys  in  his  account  of  his  researches 
that  he  finds  a  substance  in  cell-walls,  which  differs  in  many 
important  respects  from  cellulose,  and  he  gives  it  the  name  of 
pectose :  it  is  easily  converted  into  a  closely  related  body,  pecHn, 
by  the  action  of  nn  acid.  By  the  action  of  an  enzyme,  which  he 
terms  pedase,  and  which  he  extracted  from  certain  cells  of 
various  plants,  pectose  or  pectin  can  be  converted  into  two 
gelatinous  bodies,  pectosic  and  pcctic  acids.  The  transformation 
takes  place  in  two  stages,  the  two  acids  being  fi>nned  suc- 
cessively. They  differ  from  pectin  chiefly  in  the  amount  of 
water  which  they  contain.  Poctaae  according  t«  his  observations 
exists  in  two  conditions  in  the  vegetable  organism,  sometimes 
in  solution  in  the  neutral  sap  of  such  roots  as  the  carrot  or 
beet,  sometimes  in  an  insoluble  state,  as  in  the  juice  of  acid 
fruits.  If  the  juices  or  the  pulp  of  these  plants  is  added  to  a 
solution  of  pectin,  a   nipid  gulatinisation  of  the  latter  takes 
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place  and,  as  stated  above,  pectosic  and  later  ou  pectic  acids  arc 
formed.  Fremy  says  further  that  the  cuzyme  can  be  prepared 
from  the  juice  of  young  carrots  by  precipitation  with  alcohoL 
The  solid  precipitate  possesses  the  ferment  power,  but  will 
not  give  it  up  to  water.  Its  optimum  working  temperature 
is  SO*  C,  and  it  is  destroyed  by  boiling.  It  can  work  in  the 
absence  of  oxygen. 

Since  Fremy's  work  was  published  the  occurrence  of  pectic 
compounds  in  plants  has  been  the  subject  of  careful  investigation 
by  many  observers.  In  particular  Mangin  haa  contributed  sub- 
stantially to  our  knowledge  of  the  several  members  of  the 
group  and  their  transformations  under  different  reagents.  The 
peculiarities  of  the  action  of  pectase  have  also  been  studied 
and  its  distribution  more  completely  determined. 

The  general  properties  of  the  pectic  compounds  show  that 
they  differ  considerably  from  the  celluloses,  though  they  have 
often  been  confounded  with  them.  They  are  uncrystallisable 
bodies,  which  can  be  precipitated  from  their  solutions  by  various 
nM^cnts,  and  then  appear  very  ofleu  in  a  colloidal  or  gula- 
tinous  condition.  They  are  however  very  rapidly  altered  by 
the  solutions  used  for  their  extraction.  Fremy,  Scheibler  and 
Reichardt  considered  them  to  be  carbohydrates,  allied  to 
mucilages  and  gums.  Mangin  holds  that  their  reactions 
separate  them  from  the  carbohydrate  group;  when  oxidisetl 
by  dilute  nitric  acid  they  give  rise  to  mucic  acid,  while  the 
carb()hyd rates  are  converted  into  oxalic  ar.id.  Pectic  bodies 
are  insoluble  in  ammonio'Cupric-oxide,  which  dissolves  the 
celluloses  readily.  The  latter  are  coloured  violet  or  blue  by 
iodine  in  the  presence  of  sulphuric  or  phosphoric  acids;  the 
pectic  bodies  yield  no  such  coloration  with  any  combination 
of  iodine. 

De  Uaas  and  Tollens  &om  their  analyses  of  pectine  prepared 
from  various  sources  support  the  view  of  Fremy  and  others  that 
they  are  related  to  carbohydrates  if  not  actual  members  of  the 
group.  They  show  that  they  contain  hydn^gen  and  oxygen 
approximately  if  not  definitely  in  the  proportion  of  two  to  one, 
while  their  carbon  amounts  to  about  43  per  cent.  Hydrolysis  of 
these  pectlnes  by  dilute  mineral  acids  yields  sugars  containing 
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The  formation  of  the  vej^etablo  jellies  which  can  be  prej 
&om  so  many  ripe  fruits  is  due  to  the  action  of  an  eozyme  upon 
a  certain  substance  which  can  be  extracted  from  many  vegetable 
tissues,  in  some  cases  fi-om  ccH-walls,  in  others  from  the  sap 
coutuinud  in  the  cells.  This  substance,  which  is  known  as 
pectine,  is  a  member  of  a  seriea  of  compouiidis  which  are  very 
widely  represented  in  plants,  being  usually  associated  with 
cellulose  in  the  young  cell-wall.  The  euzyrae  which  is  con- 
cerned in  its  transformations  was  originally  investigated  by 
Fretoy  in  1840.  He  says  in  his  account  of  his  researches 
that  he  finds  a  substance  in  cell-walb,  which  differs  in  many 
important  respects  from  cellulose,  and  he  gives  it  the  name  of 
pectose :  it  is  easily  converted  into  a  closely  related  body,  pectin, 
by  the  action  of  an  acid.  By  the  action  of  an  enzyme,  which  he 
terms  pectase,  and  which  he  extnicted  from  certain  cells  of 
various  plants,  pectose  or  pectin  can  be  c^fflverted  into  two 
gelatinous  bodies,  pectosic  and  piK^tic 
takes  place  in  two  stages,  the 
cessively.  They  differ  from 
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place  and,  as  stated  above,  pectosic  and  later  on  pectic  acids  are 
fonned.  Fremy  says  further  that  the  euzymo  can  be  prepared 
from  the  juice  of  young  carrots  by  precipitation  with  alcohol. 
The  solid  precipitate  possesses  the  ferment  power,  but  will 
not  give  it  up  to  water.  Its  optimum  working  temperature 
is  30°  C,  and  it  is  destroyed  by  boiling.  It  can  work  in  the 
absence  of  oxygen. 

Since  Fremy'a  work  was  published  the  occurrence  of  pectic 
compounds  in  plants  has  been  the  subject  of  careful  investigation 
by  many  observers.  In  particular  Mangin  has  contributed  sub- 
stantially to  our  knowledge  of  the  several  members  of  the 
group  and  their  transformations  under  different  reagents.  The 
peculiarities  of  the  action  of  pectase  have  also  been  studied 
and  its  distribution  more  completely  detei-mined. 

The  general  properties  of  the  pectic  compounds  show  that 
they  differ  considerably  from  the  celluloses,  though  they  have 
often  been  confounded  with  them.  They  are  unciystaUisable 
bodies,  which  can  be  precipitated  from  thoir  solutions  by  various 
reagents,  and  then  appear  very  often  in  a  colloidal  or  gela- 
tinous condition.  They  arc  however  very  rapidly  altered  by 
the  solutions  used  for  their  extraction.  Fremy,  Scheibler  and 
Reichardt  considered  them  to  be  carbohydrates,  allied  to 
mucilages  and  gums.  Maugin  holds  that  their  reactions 
separate  them  &om  the  carbohydrate  group;  when  oxidised 
by  dilute  nitric  acid  they  give  rise  to  mucic  acid,  while  the 
carbohydrates  are  converted  into  oxalic  acid.  Pectic  bodies 
are  insoluble  in  ammonio-cupric-oxidc,  which  dissolves  the 
cellulo-ses  readily.  The  latter  are  coloured  violet  or  blue  by 
iodiue  in  the  presence  of  sulphuric  or  phosphoric  acids;  the 
pectic  bodies  yield  no  such  coloration  with  any  combination 
of  iodine. 

J^  i*Tnj^s  and  ToUeus  from  their  analyses  of  pectim^  prepai*ed 

sources  support  the  view  of  Fremy  and  others  that 

Jfced  to  carbohydrates  if  not  actual  members  of  the 

'•hr-.v   *'i;it  they  contain  hydrogen  and  oxygen 
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The  formation  of  the  vegetable  jellies  which  can  be  prepared 
from  30  many  ripe  fniits  in  <iuc  to  the  action  of  an  enzyme  upon 
a  certain  aubalauce  which  can  be  extracted  from  many  vegetable 
tissuee,  in  some  cases  from  cell-walls,  in  others  from  the  sap 
contained  in  the  celts.  This  substance,  which  is  known  as 
pectine,  is  a  member  of  a  series  of  compounds  which  are  very 
widely  rcproscuted  in  plants,  being  usually  associated  with 
cellulose  in  the  young  cell-wall.  The  enzyme  which  is  con- 
cerned in  its  transformations  was  originally  investigated  by 
Fremy  in  1840.  He  says  in  his  aonount  of  his  researches 
that  he  finds  a  substance  in  cell-walls,  which  differs  in  many 
important  respects  from  cellulose,  and  he  gives  it  the  name  of 
pectiOSB :  it  is  easily  converted  into  a  closely  related  body,  pectin, 
by  the  action  of  an  acid.  By  the  action  of  an  enzyme,  which  he 
terms  pectase,  and  which  he  extracted  from  certain  cells  of 
various  plants,  pectost;  or  pectin  can  be  converted  into  two 
gelatinous  bodies,  pectosic  and  pectic  acids.  The  transformation 
takes  place  in  two  stages,  the  two  acids  being  formed  suc- 
cessively. They  differ  from  pectin  chiefly  in  the  amount  of 
water  which  they  contain.  Pectase  according  to  his  observations 
exists  in  two  conditions  in  tht'  vegetable  organism,  sometimes 
in  solution  in  the  neutral  sap  of  such  roots  as  the  carrot  or 
beet,  sometimes  in  an  insoluble  state,  as  in  the  juice  of  acid 
fraits.  If  the  juices  or  the  pulp  of  these  plants  is  added  to  a 
solatioD  of  pectin,  a  rapid  gelatioisation  of  the  latter  takes 
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place  and,  as  stated  above,  pectonic  and  later  on  pectic  acids  are 
formed.  Fremy  says  furthur  that  thu  enzyme  can  bo  prepared 
from  the  juice  of  young  carrots  by  precipitation  with  alcohol. 
The  solid  precipitate  poeaesses  the  ferment  power,  but  will 
not  give  it  up  to  water.  Its  optimum  working  tomperature 
is  30°  C,  and  it  is  destroyed  by  boiling.  It  can  work  in  the 
absence  of  oxygen. 

Since  Fremy'a  work  was  publiahed  the  occurrence  of  pectic 
compounds  in  plants  htis  been  the  subject  of  careful  investigation 
by  many  observers.  In  particular  Maugiu  has  contributed  sub- 
stantially to  our  knowledge  of  the  several  members  of  the 
group  and  their  transformations  under  different  reagents.  The 
peculiarities  of  the  action  of  pectiuse  have  also  been  studied 
and  its  distribution  more  completely  determined. 

The  general  properties  of  the  poetic  compound.s  show  that 
they  differ  considerably  from  the  celluloses,  though  they  have 
often  been  confounded  with  them.  They  are  uncrystal Usable 
,  bodies,  which  can  be  precipitated  from  their  solutions  by  various 
reagents,  and  then  appear  very  often  in  a  colloidal  or  gela- 
tinous condition.  They  are  however  very  rapidly  altered  by 
the  solutions  used  for  their  extraction,  Freray,  Scheibler  and 
Reichardt  considered  tfaeni  to  be  carbohydrates,  allied  to 
mucilages  and  gums.  Mangin  holds  that  their  reactions 
separate  them  from  the  carbohydrate  group;  when  oxidised 
by  dilute  nitric  acid  they  give  rise  to  mucic  acid,  while  the 
carbohydrates  are  converted  into  oxalic  acid.  Pectic  bodies 
are  insoluble  in  ammouio-cupric-oxide,  which  dissolves  the 
,  celluloses  readily.  The  latter  are  coloured  violet  or  blue  by 
iodine  in  the  presence  of  sulphuric  or  phosphoric  acids;  the 
pectic  bodies  yield  no  such  coloration  with  any  combination 
of  iodine. 

De  Haas  and  Tollens  from  their  analyses  of  pectine  prepared 
from  various  sources  support  the  view  of  Fremy  and  others  that 
they  are  rt^lated  to  carbohydrates  if  not  actual  members  of  the 
group.  They  show  that  they  contain  hydrogen  and  oxygen 
approximately  if  not  definitely  in  the  proportion  of  two  to  one, 
while  their  carbon  amounts  to  about  43  per  cent.  Hydrolysis  of 
these  [icctines  by  dilute  mineral  acids  yields  sugars  containing 
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The  formation  of  the  vegetable  jellies  which  can  be  pref 
from  so  many  ripe  fniits  is  due  to  the  action  of  an  enz3nDe  upon 
a  certain  substance  which  can  be  extracted  from  many  vegetable 
tissuee,  in  some  cases  from  cell-walls,  in  others  from  the  sap 
contained  in  the  colls.  This  substance,  which  is  known  as 
pectine,  is  a  member  of  a  aeries  of  compouuda  which  are  very 
widely  represented  in  plants,  being  usually  associated  with 
cellulose  in  the  young  cell-wall.  The  enzyme  which  is  con- 
cerned in  its  transformations  was  originally  investigated  by 
Freroy  in  1840,  He  says  in  his  account  of  his  researches 
tbat  he  finds  a  substance  in  cell-walls,  which  differs  in  many 
important  respects  from  cellulose,  and  he  gives  it  the  name  of 
pectose:  it  is  easily  converted  into  a  closely  related  body,  pecHn, 
by  the  action  of  an  acid.  By  the  action  of  an  enzyme,  which  he 
terras  pectojie,  and  which  he  extracted  from  certain  cells  of 
various  plants,  pectose  or  pectin  can  be  converted  into  two 
gelatinous  bodies,  pectosic  and  pectic  acids.  The  transformation 
takes  place  in  two  stages,  the  two  acids  being  formed  suc- 
cessively. They  differ  from  pectin  chiefly  in  the  amount  of 
water  which  they  contain.  Pectase  according  to  his  observations 
exists  in  two  conditions  in  the  vegetable  organism,  sometimes 
in  solution  in  the  neutral  sap  of  such  roots  as  the  carrot  or 
beet,  sometimes  in  an  insoluble  state,  as  in  the  juice  of  acid 
fruits.  If  the*  juices  or  the  pulp  of  these  plants  is  added  to  a 
solution  of  pectin,  a  rapid  gclatinisation  of  the  latter  takea 
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place  and,  as  stated  above,  pectosic  and  later  on  pectic  acids  are 
formed.  Fremy  says  ftirther  that  the  enzyme  can  be  prepared 
from  the  juice  of  young  carrots  by  precipitation  with  alcohol. 
The  solid  precipitate  po«»esses  the  ferment  power,  but  will 
not  give  it  up  to  water.  Its  optimum  working  tcmperatui-e 
is  30"  C,  and  it  is  destroyed  by  boiling.  It  can  work  in  the 
absence  of  oxygen. 

Since  Frcmy's  work  was  published  the  occurrence  of  pectic 
com  pounds  in  plants  has  been  the  subject  of  careful  investigation 
by  many  observers.  In  particular  Maugin  ha»  contributred  sub- 
stantially to  our  knowledge  of  the  several  members  of  the 
group  and  their  transformations  under  different  reagents.  The 
peculiarities  of  the  action  of  pectase  have  also  been  studied 
and  its  distribution  more  completely  determined. 

The  general  properties  of  the  poetic  compounds  show  that 
they  differ  considerably  from  the  celluloses,  though  they  have 
often  been  confounded  with  them.  They  are  uncrystallisable 
bodies,  wbich  can  be  precipitated  from  their  sulutious  by  various 
reagents,  and  then  appear  very  often  in  a  colloidal  or  gela- 
tinous condition.  They  are  however  very  rapidly  altered  by 
the  solutions  used  for  their  extraction,  Fremy,  Scheibler  and 
Reichardt  considered  them  to  be  carbohydrates,  allied  to 
mucilages  and  gums.  Mangin  holds  that  their  reactions 
separate  them  from  the  carbohydrate  group ;  when  oxidised 
by  dilute  nitric  acid  they  give  rise  to  mucic  acid,  while  the 
carbohydrates  are  converted  into  oxalic  acid.  Pectic  bodies 
are  imtoluble  in  ammonio-cupric-oxide.  which  dissolves  the 
cellula'^s  readily.  The  latter  are  coloured  violet  or  blue  by 
iodine  in  the  presence  of  sulphuric  or  phosphoric  acids;  the 
pectic  bodies  yield  no  such  coloration  with  any  combination 
of  iodine. 

Dc  HiuL's  and  Tollens  from  their  analyses  of  pectine  prepared 
from  various  sources  support  the  view  of  Fremy  and  others  that 
they  are  related  to  carbohydrates  if  not  actual  members  of  the 
group.  They  show  that  they  contain  hydrogen  and  oxygen 
approximately  if  not  definitely  in  the  proportion  of  two  to  une, 
while  their  carbon  amounts  to  about  43  per  cent.  Hydrolysis  of 
these  pectines  by  dilute  mineral  acids  yields  sugars  containing 
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either  Sve  or  mx  carbon  atoms.    Tolleus  suggests  that  they  are 
carbohydrates  chemically  combined  with  acidfl. 

A  great  number  ol'  these  pectic  bodies  have  been  identified 
and  described  by  various  writers  from  1825  onwards^,  and  a  H 
certaiu  confusion  has  been  unavoidable  in  comparing  those  of  ~ 
one  investigator  with   those  described  by  another.     Mangin's 
memoirs  have  put  the  whole  group  upon  a  surer  foundatioiL 

The  pectic  compounds  can  now  be  arranged  in  two  series, 
one  of  the  latter  comprising  bodies  of  a  neutral  reaction,  while 
those  of  the  other  are  feeble  acids.  In  each  there  are  probably 
aeveral  members  which  show  among  them  every  stage  of  physical 
condition  between  absolute  insolubility  and  complete  solubility 
in  water,  the  intermediate  bodies  exhibiting  gelatinuus  stages, 
characterised  by  the  power  of  absorbing  water  in  a  greater  or 
less  degree. 

Two  of  these  bodies  are  of  particular  interest  in  connection 
with  the  study  of  the  enzyme.  One,  pectine,  belongs  to  the 
neutral,  the  other,  pectic  acid,  to  the  acid  series.  According 
to  Mangin  their  reactions  are  the  following  :— 

I^ectine.  This  substance  swells  up  and  dissolves  in  water, 
yielding  a  viscid  liquid  which  is  very  difficult  to  filter  and 
which  tends  to  gelatinise  when  its  solutions  become  at  all 
concentrated.  It  is  soluble  also  in  dilute  acids,  from  which  it 
can  be  precipitated  by  alcohol.  It  gives  no  precipitate  Avith 
neutral  at-etatc  of  lead  but  is  thrown  down  by  the  basic  acetate 
in  the  form  of  white  flocculJ.  If  boiled  for  several  hours  in  water 
it  is  converted  into  an  isomer, /)rt7^^ec(i»e,  which  is  precipitated 
by  the  neutral  plumbic  acetate.  Further  boiling  with  dilute 
acids  converts  it  into  Jtietapectine,  which  is  precipitated  by 
barium  chloride. 

Pectic  acid.  This  body  is  insoluble  iu  water,  alcohol,  and 
acids;  it  fornis  soluble  pectates  with  alkalis,  and  insoluble  ones 
with  the  metals  of  the  alkaline  earths,  of  which  calcic  pcctate 
is  most  widely  distributed.  It  dissolves  in  solutions  of  alkaline 
salts,  such  as  the  carbonates  of  sodium  and  potassium,  stannatee, 
alkaline  phosphates,  and  most  organic  ammoniacal  salts,  forming 

'  For  a  ri$umf  of  these  inveitigatioafl  see  a  paper  bj  the  writer  on  "  The 
Cell  Membrane, "  Scicnct  Progre»$,  Vol.  n.  p.  844. 
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with  them  double  salts,  which  gclatioise  moi'c  or  less  freely 
with  water.  Its  solutions  in  alkaline  carbonates  are  niucila^noua 
and  rlifficiilt  to  filter,  while  when  oxalate  of  ammonia  is  the 
solvent,  the  liquid  remains  perfectly  fluid  and  filters  readily. 

Fremy's  discovery  of  the  enzyme  has  been  confirmed  by 
more  i-ecent  investigators,  and  the  nature  of  the  changes  set 
up  by  its  action  are  now  more  fully  known. 

The  most  complete  infonnation  upon  the  peculiarities  of 
pectase  has  been  furnished  by  Bertnind  and  Mallevre,  who 
pulilishcd  several  memoirs  upon  the  subject  in  1895  and  the 
following  years. 

Their  first  preparations  of  the  enzyme  were  obtained  fi-om 
the  juice  of  carrots,  which  were  cultivated  for  the  purpose  and 
gathered  at  the  period  of  most  vigorous  growth.  As  already 
mentioned,  Fremy  ascertained  that  the  roots  of  these  plants 
contain  pectase. 

In  its  preparation  Bertraud  and  Mallevre  separated  the 
central  cylinders  of  the  roots  from  the  cortex,  and  carefully 
reduced  them  to  pulp,  afterwards  extracting  the  sap  by 
pressure.  About  70—80  per  cent,  of  the  bulk  of  the  pulp 
was  thus  squeezed  out  in  the  form  of  a  turbid  liquid,  which 
was  then  saturated  with  chloroform  and  filtered  through 
BezeliuK  Hlter-papcr. 

This  juice  when  added  to  solutions  of  pcctine  quickly  caused 
the  production  of  a  jelly,  just  as  Fremy  had  previously  obsen-e*!. 

The  change  thus  brought  about  was  considered  by  Fremy 
and  his  immediate  successors  to  be  the  amversion  of  pectine 
into  pectic  acid.  The  latter  gelatinises  more  readily  thaa 
pectine  and  in  solutions  of  less  concentration.  A  perfectly 
limpid  preparation  of  pectine  which  shows  no  tendency  to 
gelatinise  can  be  made  to  undergo  the  change  readily,  and 
to  set  into  a  soft  clot  on  the  addition  of  a  solution  of 
pectase, 

But  though  confirming  Fremy's  work  to  the  extent  already 
mentioned,  Bertrand  and  Mallevre  came  to  different  concUisiona 
as  to  the  nature  of  the  product  formed.  They  found  that  when 
they  dissolved  the  jelly  in  dilute  hydrochloric  acid,  the  solution 
contained    a    certain    quantity   of   calcium,    which    was    not 
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precipitated  on  siituration  with  ammonia.  Continued  investi- 
gation satisfied  them  that  the  jell^-  was  not  pectic  acid  but  a 
cotiLpuuud  of  this  body  with  calcium  ; — in  fact  calcic  pectate. 

Further  researches  were  directed  towards  ascertaining 
whether  the  clotting  was  altogether  dependant  on  the  presence 
of  calcium. 

A  purified  solutlou  of  pectase  was  prepared  from  the  crude 
one  already  described  by  adding  to  it  a  certain  amount  of  the 
oxalate  of  one  of  the  alkaU  nietola  to  precipitate  any  calcium 
that  the  juice  of  the  carrots  might  contain.  After  standing  for 
a  time  till  all  sediment  hud  settled  down  it  was  again  filtered, 
when  it  yielded  a  clear  liquid. 

Pectine  was  then  prepared  from  the  residue  left  after  the 
expression  of  t!ie  juice  from  the  pulpy  tissue  of  the  root.  This 
mateiial  was  washed  with  alcohol  and  boiled  for  15  minutes; 
and  the  mixture  tillered  before  allowing  it  to  cool. 

The  debris  on  the  filter  was  thus  freed  from  any  arlhoront 
or  soluble  pectaac,  and  was  next  extracted  with  a  2  per  ceut. 
sohitiou  <jf  hydrochloric  acid,  in  which  pt^ctine  is  soluble. 
Twenty-four  hours'  maceratiou  was  considered  sufficient  to 
extract  the  latter  .subst.ance ;  at  the  end  of  that  time  the 
liquid  was  filtered  from  the  residue  and  an  equal  volume  of 
alcohol  was  added  to  it.  This  precipitated  the  pectine  in  the 
foi-m  of  gelatinous  flakes,  which  were  collected  and  dried  on  a 
porous  surface.  To  ensure  their  freedom  from  calcium  salts 
they  were  then  steeped  in  50  per  cent,  alcohol  containing  2  per 
cent,  of  hydrochloric  acid.  This  treatment  was  continued  till 
the  pectine  gave  on  incineration  only  a  trace  of  ash  which  was 
free  from  calcium  salts.  It  was  then  freed  from  acid  by 
dissolving  it  in  water,  and  then  precipitating  it  with  alcohol. 
Repeated  treatment  in  this  way  eliminated  most  of  the  acid, 
and  it  was  freed  from  the  remainder  by  the  addition  of  a  few 
drops  of  dilute  caustic  potash. 

Bertrand  and  Mallevre  found  that  when  prepared  in  that 
way  a  solution  containing  2  per  cent,  of  the  pectine  remained 
limpid  and  was  in  the  best  condition  for  further  experiments. 
When  they  added  to  it  the  decalcified  juice  of  carrots  prepared 
its    described,    it    remained    indefinitely    liquid,    though    such 
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decalcified  solution  contaiiieil  large  quantitit'S  of  pcctase.  Tho 
further  addition  of  only  a  trace  of  a  soluble  calcic  salt  caused 
the  formation  of  a  jelly,  the  time  takeu  depending  upon  the 
amount  of  calcium  »o  added.  The  addition  of  a  calcic  salt 
alouc,  ur  of  a  calcie  salt  and  some  boiled  cm-rot  juice,  always 
failed  to  induce  the  gelatinisation. 

Barium  and  eirontium  were  found  to  play  the  same  part  as 
Blum,  in  cases  where  excess  of  either  was  added  to  the  pectino 
itiou.  Magnesium  on  the  other  hand  had  no  action,  or  at 
most  a  very  feeble  one. 

The  clot  formed  by  the  action  of  pectafv  on  pectine  is 
therefore  composed  of  pectate  of  calcium  and  not  free  pcctic 
acid,  as  the  earlier  observers  thought. 

It  will  be  remembered  that,  in  the  case  of  rennet,  a  similar 
combination  of  calcium  with  casein  takes  place,  the  tyrein 
formed  beiujif  accoi-ding  to  Halliburton  a  caseate  of  lime. 

Bertrand  and  Mallevre  fotmd  that  if  a  large  quantity  of  a 
soluble  calcic  salt  was  added  to  the  solution  of  pectine  a 
gelatinisation  took  placu  without  the  |)resenc-e  of  pectase.  This 
wae  not  however  due  to  the  formation  of  pectic  acid  or  calcic 
pectate  but  to  the  production  of  auother  compound  which  they 
called  &  pectiTtate.  The  latter  was  also  prcxluccd  simultaneously 
with  the  calcic  pectate  if  pectase  was  present  and  the  calcium 
salt  was  in  excess.  The  two  gelatinous  bodies  ran  be  dis- 
tinguished from  each  other  by  the  action  of  a  dilute  acid,  such 
as  a  2  (Mjr  cent,  solution  of  hydnwhloric  acid.  This  dissolves 
the  pectinate,  so  that  the  jelly  duti  to  the  presence  of  the  latter 
disappears.  It  decomposes  the  calcic  pectate  by  robbing  it  of 
the  calcium,  and  leaves  free  pectic  acid,  which  is  insoluble  in 
acids  and  consequently  persists  in  the  gelatinous  condition. 

Pectase  is  materinUy  hindered  in  its  working  by  the  presence 
of  free  acid,  in  fact  a  neutral  medium  is  almost  essential  for  the 
production  of  the  jelly-  When  a  mixture  of  equal  volumes  of 
the  expressed  juice  of  carrots  and  a  2  per  cent,  solution  of 
pectine  is  token  for  experiment,  the  clot  is  usually  formed 
in  about  an  hour.  If  hydrochloric  acid  is  added  to  such  a. 
mixture  there  is  a  considerable  retardation,  the  longer  as  the 
amount  of  acid  is  greater;  '09  per  cent,  delays  the  gelatinisation 
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far  Dearly  two  ckfs,  and  *1  per  cent  inhibiU  it  entirely.  The 
autke  lesttlts  bare  been  obserred  with  snlpharic,  nitric,  tarUuic 
azKi  ciGric  acids. 

This  obaerration  is  important,  for  it  supplies  a  reason  for 
the  non-production  of  jelly  in  the  juice  of  many  fruite.  as  they 
contain  besides  the  enzyme  a  larger  percentage  of  acid  th&u 
'1  per  cent 

The  retarding  influence  of  acid  is  lessened  by  the  preoonee 
of  a  larger  proportion  of  calcium  salts,  or  of  poctase.  Thia 
explains  why  the  juices  of  cherries  and  raspberries  coagulate 
pf^ine  though  they  are  fairly  acid  in  reaction.  The  geUtizu- 
sation  depends  ultimately  on  the  relative  proportion  of  pectaw, 
calcium  salts,  and  free  acid  present  in  the  solution. 

It  has  already  been  mentioned  that  Fremy  denied  the 
existence  of  soluble  pectasie  in  acid  fruit«.  He  said  that  in 
these  the  enzyme  was  pns^ot  in  an  insoluble  furm  and  that  it 
was  not  separable  from  the  solid  pulp.  Uc  expUined  in  this 
way  the  fact  that  the  Utter  would  clot  eolntions  of  pectine, 
while  he  failed  to  get  the  coagulation  with  the  ex|vess»ed  juice 
from  such  pulp.  Bertmnd  and  Mallevre  repeated  his  experi- 
ments with  the  expresMed  sap  of  such  fruits  and  carried  them 
farther.  Though  the  juice  as  squeezed  from  the  fruit  will  not 
clot  the  pectine  as  Fremy  said,  they  found  it  would  do  so  re;idily 
if  a  little  alkali  was  added  at  the  same  time  to  neutmlise  the 
acid  present.  The  failure  was  therefore  not  due  to  the  absence 
of  pcctase,  but  to  the  presence  of  free  acid  which  inhibited 
its  action. 

These  observers  contradict  Fremy  on  another  point:  they 
tiave  found  that  by  prolonged  maceration  pectase  can  be  ex- 
tracted from  the  insoluble  precipitate  produced  by  alcohol  from 
the  expressed  juice  of  the  carrot.  It  is  not  therefore  rendered 
abHolutely  insoluble  by  this  treatment,  ns  Fremy  Hupposcd. 

BerCrand  and  Mallevre  have  discovered  that  instead  of 
pectoKe  being  confined  only  to  such  pulpy  tissues  as  have  been 
mentioned,  it  has  a  very  widespread  distribution  in  the  vege- 
table kingdom.  Indeed  they  go  so  far  as  to  say  that  it  is 
nniversally  present  in  green  plants,  being  especially  abundant 
in  foliage  leaves,  which  they  think  ore  the  seats  of  its  formation 
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and  from  which  they  believe  it  spreads  into  the  rest  of  the  organs 
of  the  plant.  Leaves  which  show  rapid  growth  are  usually  the 
richest  in  the  enzyme, 

A  very  active  preparation  was  obtained  from  the  leaves  of 
Lucerne  (Medicago  satini)  and  Trefoil  (Tri/oHnm  2)mtens€).  The 
plants  were  gathered  when  in  the  condition  of  most  vigorous 
growth  and  bniised  in  a  mortar  to  extract  the  sap.  This  waa 
then  saturated  with  chloruform  and  a  flask  filled  with  it,  which 
was  allowed  to  stand  for  12—24  hours  in  the  dark.  A  consider- 
able sediment  settled  down,  which  was  removed  by  filtration.  A 
clear  litjuid  was  thus  obtained  which  was  poured  into  twice  its 
volume  of  alcohol  of  90  per  cent,  strength,  a  copious  precipitate 
resulting.  This  was  removed  from  the  superuatant  spirit  and 
macerated  for  12  hours  in  a  small  i|unntity  of  water.  The  pectase 
was  thus  dissolved  out  ft-om  the  miscellaneous  constituents 
of  the  sap,  and  on  filtering  the  solution  a  nearly  cnlonrless 
liquid  was  obtained.  Thn  enzyme  was  again  precipitated  by 
the  addition  of  a  large  excuss  of  alcohol,  and  wits  collected  on 
a  filter  and  dried  in  vacuo.  Using  this  method  of  preparation 
a  litre  of  the  filtered  sap  yielded  5 — 8  grammes  of  a  white 
pow<ter  which  was  not  hygroscopic,  but  dissolved  i"eadily  in 
water.  Its  solution  possessed  great  power  of  inducing  pectic 
fermentation.  A  1  per  cent,  solution  of  pectino  was  coagulated 
in  48  hours  by  the  addition  of  ^nW  of  its  weight  of  Lucerne 
pectase  or  of  j^  of  its  weight  of  Trefoil  peetase. 

By  similar  methods  Bortraud  and  Mallevre  ascertained  that 
poctasc  is  present  in  the  following  plants : — 


Spirogyra 

Clmra  f  ra;c^lis 

Marchantia  pol}^uiorpha 

Lolium  perenuo  (leaf) 

Zea.  nittis  (leaf) 

Iris  tloreulirm  (Iwifj 

Ginkgu  bilobu  (leaf) 

Thuju  occidentalifi  (leafy  shoot) 

FiniiH  Laricio  (needle?)) 

Cydonia  \Tilg«ri8  (fruit) 

Pyms  communis  (fruit) 


MaluB  communis  (fruit) 
Hubus  idft^us  (fruit) 
Arraenioca  vulgaris  (fruit) 
Cucurbita     Fepo     (stem,     leaf, 

flower,   fruit) 
Rhpum  rhapniitiiicum  (leaf) 
Beta  vulgaris  (leaf  and  root) 
Flantago  media  (leaf) 
Mentha  Pulegium  (flower  heads) 
Bulanum      Lycopcrsicum      (ripe 

fruit) 
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Solnnum  tuberosum  (leaf) 
Ailiintlius  glnndulosa  (loaf) 
Auipelopiiis  quiiiquefolia  (leaf) 
Bnitusica  nspua  (leaf  and  root) 
BriuisicH  olerocea  (leaf) 
Syringa  vulgaris  (leaf) 
Helianthus  tuberosus  (leaf) 
Sombucus  oigra  (leaf) 
Dauous  carota  (root) 


Rilies  rubnim  (fruit) 
CVratuphyllum  Bubmersum  (i 

plant) 
Hobinia  pscudncaciA  ( leaf) 
Medicago  sativa  (slioot) 
Trifolimii  pratense  (shoot) 
VitiH  vinifcra  (l(^af,  fruit) 
Acer  pseudo-platanuj  (leaf) 
Delphinium  Staphi&agria  (Ic&f] 


It8  determination  in  Thuja  was  made  a  little  doubtful 
the  viscous  character  of  the  cell-sap. 

The  amount  of  pectase  in  these  different  planti:i  was 
baiued  by  adding  bo  the  extract  frem  a  detioite  weight  of 
an  equal  volume  of  a  watery  solulioii  of  pectine  of  2  per  cei 
concentration  and  noting  the  time  that  elapsed  before  gela1 
nidation  look  place.  The  results  given  hy  some  uf  the  tissu 
are  subjoined : — 

Solanum  Lycopernicum  (ripe  fruit)  48  hours 

Vitis  vinifera  (nearly  ripe  fniit)  24     „ 

Ribes  rubruin  (white  ciirnmt  fruite)  15     „ 

Rhciitii  rhiqiontitium  (leaf)  12     „ 

Marohantia  polyiuorpha  (thallus)  2|  „ 
Daucns  carota  (adult  cultivated  i*oot)   2     „ 

Delphinium  Staphlsagria  (leaf)  1^  „ 

Ginkgo  hiloba  (leaf)  35    minutes 

Syringa  vulgaris  (leaf)  20         „ 

Ailanthua  glauduloaa  (leaf)  20         „ 

DaucuK  carota  (young  root)  15        „ 

Zea  muis  (leaf)  8        „ 

Iris  flopentlna  (loaf)  3         „ 
Xrifoliuni  pratense  (shoot)       less  than  I  minute 

Medicago  sativa  (shoot)  „ 

Solanum  tul>erORum  (leaf)  „ 

Brassiea  napus  (leaf)  ^^ 

Plantago  media  (leaf)  „ 

LoHum  perenne  (leaf)  „ 

The  activity  so  denotetl  probably  gives  a  fairly  accural 
approximation  to  the  quantity  of  pcctasc  present.     It 
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consequently  within  very  wide  limits.  There  are  cases  when 
the  coagulation  is  almost  iastautaucous.  In  otlicra  owicji^ 
probably  to  the  smallncss  of  the  amount  of  pectase,  the  clotting 
is  slow  and  uncertain.  In  such  cases  the  best  results  are 
obtained  when  the  mixture  of  sap  and  pectine  is  exactly  neu- 
tralised and  a  little  calcic  salt  added.  It  must  not  be  at  once 
inferred  that  a  slow  proccas  undoubtedly  indicates  a  small 
quantity  of  the  enzyme,  for  the  latter  will  not  always  act 
uniformly,  two  determining  factors  being  the  reaction  of  the 
medium  and  the  amount  of  calcium  salt  which  it  contains. 

The  distribution  of  the  enzyme  \*aries  also  in  the  same 
plant.  In  Cucurbita  Pepo  the  time  taken  to  clot  the  pectine 
solutiou  by  extracts  of  equal  weights  of  differeut  parts  was  as 
follows : — 

Corolla  4.^)  minutes  Stem  apex     12  minutes 

Young  fpuit  30       „  Leaf  petiole    8       „ 

Stem-base      20       „  Leaf  blade       1       „ 

It  was  mentioned  above  that  the  action  of  pectaae  was 
laigely  influenced  by  the  reaction  of  the  solution  in  which  it 
was  working,  an  well  as  by  the  presence  of  salts  of  calcium. 
Bcrtrand  and  Mallcvre  have  found  that  these  determining 
factors  do  not  act  independently  of  one  another.  We  have 
seen  that  calcic  salts  are  es-sential  to  the  coagulation. — in  the 
first  place  because  they  enter  into  the  composition  of  the  clot. 
But  this  does  not  seem  to  be  the  only  part  they  play,  for  the 
clotting  is  accelerated  by  the  addition  of  more  calcium  salt  even 
when  sufficient  to  combine  with  the  pectic  acid  is  already 
present.  Conversely  the  presence  of  free  acid  has  a  retarding 
inHuence  on  the  action.  Bertrand  and  Mallevre  fmiud  in  one 
of  their  experiments  that  a  mixture  uf  etjual  volumes  of  the 
mp  of  carrots  and  of  2  per  cent,  solution  uf  pectine  set  into  a 
jelly  after  about  one  hour.  On  adding  hydrochloric  acid  in  a 
similar  mixture  in  increasing  quantities  there  was  a  retardation 
in  the  time  of  the  occurrence  of  gclatinisation,  which  increased 
pari  pajisu  with  the  amount  of  acid  added.  "088  per  cent,  of 
the  acid  delayed  it  40  hours  and  "1  per  cent  stopped  it 
altogether.  The  8ame  effect  was  noticed  with  sulphuric,  nitric, 
malic,  tartaric  and  citric  acids. 
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This  reUrdiiig  eifect  again  was  lessened  by  the  presence  ofj 
a  larger  proportion  of  calcic  salts,  or  of  pectase,  so  that  the 
clotting  depends  upou   the   relative  proportions  of  all    tl 
pectase,  acid  and  calcic  salts. 

The  exact  nature  of  the  action  remains  still  unkn(>wn,  but  ^ 
the   facts  suggest  as  a  tempting  hypothesis  that  the  pectase 
converts  the  pectine  into  pectic  acid  and  that  this  then  reacts 
with  the  calcium  salt,  fonning  calcic  pectate. 

The  wide  distributiou  of  pectase,  which  indeed  has  been 
found  in  almost  every  region  where  it  has  been  sought  for, 
conBidercd  in  connection  with  the  universal  prcsonce  of  pectic  | 
bodies  in  conjunction  with  cellulase  in  cell-wnlls,  suggests  that 
its  fuDctiou  in  the  living  plant  is  conucctod  with  the  changes 
which  the  cell-membrane  undergoes  during  the  life  of  the  cell. 
The  work  of  various  investigators,  from  Braconnot  in  1825  to 
Mangin  during  the  last  few  years,  has  conclusively  proved  that 
at  DO  time  is  the  cell-wall  a  homogeneous  membrane  consisting 
of  pure  cellulose.  While  the  latter  enters  very  prominently 
into  its  composition,  there  are  present  in  it  a  number  of  other 
BubRtaoces,  varying  in  nature  and  in  relative  proportions,  which 
have  been  somewhat  loosely  described  uuder  the  uames  of 
pectose,  pectine,  pectic  acid,  metapectic  acid  and  their  com- 
pounds.  These  have  beeu  lately  iuvestigated  by  Maugin,  who 
has  isolated  several  of  them  and  described  their  reactions. 
They  fall  into  two  senes,  each  comprising  several  members, 
which  show  among  them  every  stage  of  physical  condition 
between  absolute  insolubility  and  complete  solubility  in  water. 
The  intermediate  bodies  exhibit  gelatinous  stJiges,  character- 
ised by  the  power  of  absorbiug  watt-r  in  a  greater  or  less 
degree. 

The  first  series,  one  of  whose  memboi"s  is  the  pectine  so 
often  alluded  to,  is  composed  of  bodies  possesfliug  a  neutral 
reaction ;  the  members  of  the  other  are  feeble  acids.  Of  these 
pectic  acid  is  one  of  the  moat  prominent.  The  two  series  are 
closely  related  to  each  other,  for  by  the  action  of  heat,  acids 
or  alkalis  the  various  members  of  both  can  be  prepared  from 
pectose,  the  most  iusoluble  of  the  neutral  bodies. 

These  bodies  exist  together  with  ccHulosc  in  all  the  meui- 
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brane^  which  have  not  undergone  change  into  hgnin  or  snberin, 
and  by  treatment  of  the  cell-walls  with  various  reagents  they 
can  be  separated  from  it.  Pectic  acid  does  not  usually  exist  in 
the  free  state,  bat  as  pointed  out  long  ago  by  Payen  is  ueually 
present  in  combination  with  calcium,  as  calcic  pectate. 

Payen  pointed  out  fui-ther  that  the  so-called  "middle 
lamella"  between  contiguous  cells  is  almost  or  entirely  cora- 
poeed  of  calcic  pectate,  and  bis  opinion  has  been  endorsed  by 
Mangio  in  the  course  of  his  recent  work.  It  U  easy  to  demon- 
strate that  thb  layer,  whatever  be  its  origin,  has  not  the  same 
composition  as  the  rest  of  the  cell-wall  as  it  can  easily  be 
dissolved  by  reagents  which  leave  the  cells  apparently  intact, 
though  isolated  from  each  other.  The  most  active  of  these 
reagents  is  the  su-called  "macei-alion  fluid"  of  Schnltzc,  which 
consists  of  a  solution  of  pota«sic  chlorate  in  nitric  acid. 

This  difference  of  composition  between  the  middle  lamella 
and  the  rest  of  the  wall  has  long  been  known.  Before  the 
name  "middio  lamella"  was  given  to  it  by  the  writers  of  the 
time  of  Naegeli  and  Sachs  it  was  called  **  iuterceltular  sub- 
stance" and  was  thought  to  be  a  kind  of  cement,  binding 
contiguons  cells  together. 

Besides  the  middle  lamella  other  modifications  of  the  original 
cell-wall  have  from  time  to  time  attracted  attention.  Chief 
among  these  we  have  the  so-called  "  intercellular  protoplasm  " 
of  Russow,  which  he  described  as  forming  in  certain  cases  a 
delicate  membrane,  or  lining  layer,  coating  the  intercellular 
passages.  Russow's  opinion  that  this  substance  is  protoplasmic 
has  been  controverted  by  several  subsequent  observers,  who 
have  shown  that  it  is  much  more  probably  a  derivative  of  the 
cell-wall.  Schenck  held  it  to  be  ot*  the  same  general  nature  as 
the  middle  lamella,  and  Maugin  has  suggested  that  it  is  composed 
of  a  mixture  of  pectic  bodies,  including  calcic  pectate. 

The  researches  of  Mangiu  have  thrown  a  good  deal  of  light 
upon  the  proportion  of  the  neutral  pectic  bodies  and  the 
compounds  of  pectic  acid  which  are  pre.sent  in  various  cell- 
walls.  In  the  young  unchanged  membranes  there  is  Uttle 
pectic  acid  while  pectose  is  present  in  larger  amounts.  In  older 
cell-walls,  especially  in  tissues  in  which  intercellular  spaces  or 
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passages  have  appeared  the  prtjporliori  of  uitcic  pectate  is  more 
prominent.    As  said  above  the  middle  lamella  is  almost  if  not 
entirely  composed  of  it,  and  it  often  collects  over  the  surfaces 
of  the  intercellular  spaces,  being  in  such  cases  a  continuation! 
of  the  middle  lamella  of  the  wall  which  has  split  during  the] 
formation  of  the  passage. 

Even  the  youngest  cells  can  be  separated  from  each  other) 
by  the  reagents*  which  dissolve  calcic  ]K5Ctate,  so  that  there  is 
some  i*cason  to  suppose  that  the  cell-mcmbranc  is  at  no  time 
absolutely  homogeDeous.  but  consists  of  a  middle  layer  of  calcic 
pectatc,  covered  on  both  faces  by  a  layer  of  a  combination  or  | 
mixture  of  cellulose  and  pectose.     As  it  grows,  this  layer  of  j 
calcic  pectate  becomes  more  pronounced  and  prominent  till  it ' 
can  be  made  visible  under  the  microscope.     This  change  must 
be  due  to  transformations  which  modify  the  comp<jsition  of  the 
layers  abutting  on  the  cell  cavities  and  which  result  iu  the 
formation  of  the  increased  amount  of  calcic  pectate.  ^M 

The  iiicxlc  (if  deposit  of  the  calcic  pectate  over  the  surface  ^\ 
of  the  inten'i^llutar  spaces  may  perhaps  aid  us  to  form  a  true 
conception  of  what  takes  place. 

These  pectates  giiidually  tend  towards  the  outside  of  the 
membrane,  possibly  passing  as  soluble  pectic  acid  iu  its  sub- 
stance and  beiDg  combined  with  the  metallic  base  at  the 
external  wuri'acc,  or  in  the  intercellular  space. 

In  the  youug  growing  cell,  just  behind  the  zone  of  cell- 
division  at  the  growing  point,  there  is  the  maximum  of  tutgidity 
or  osmotic  pressui-e,  It  is  quite  conceivable  that  in  a  coll 
abutting  on  an  intercellular  space  this  is  sufficient  to  cause 
a  stream  of  soluble  bodies  to  pass  across  the  substance  of  the 
cell-membrane  from  within  outwards.  This  then  would  lead 
to  the  extrusion  of  such  soluble  pectates  or  |>ectlc  acid  a» 
may  be  present  in  the  wall.  Bodies  of  this  series  are  not 
unlikely  to  be  formed  from  the  poctine  or  pectose  in  the 
membraue  by  the  action  of  the  dilute  acid  of  the  cell  sap, 
or  more  probably  by  the  pectase  which  Bertrand  and 
Malle\Te  have  shown  to  be  present  in  the  apical  region  of 
the  stem  in  many  cases.  Such  a  course  of  transformation 
ia  even  more  probable  iu  the  cells  and  cell-walls  of  the  young 
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leaves,  in  which  pecbase  is  often  present  in  very  considerable 
Amount. 

The  same  consideration  may  be  applied  with  even  greater 
probability  to  the  formation  of  the  middle  lamella.  Where  the 
cells  do  not  abut  on  an  intercellular  space,  but  have  their 
neighbours  pressing  upon  thcuj,  as  they  have  in  the  young 
part  of  the  growing  zone,  whether  of  stem,  leaf  or  root,  any 
of  their  membranes  will  be  mibject  to  a  pressure  from  each 
side  owing  to  the  turgidity  of  the  contiguous  cells.  In  this 
ease  the  stream  of  pectic  acid  or  pectates  would  not  pass  out 
of  the  cell,  but  would  tend  to  accumulate  in  the  middle  line 
between  the  two  pressures,  in  the  region,  that  is,  where  the 
middle  lamella  speedily  becomes  recogniHable. 

Though  the  transformation  of  pectine  into  pectic  acid  under 
the  action  of  pectase  has  not  been  shown  definitely  to  be  the 
cause  of  the  occurrence  of  the  middle  lamella,  which  belongs  at 
present  rather  to  the  realm  of  hypothesis  than  of  fact,  it  is 
certainly  supported  by  the  distribution  of  pectase  already 
established  by  Bertrand  and  Mallevre  and  quoted  in  the  present 
chapter.  They  have  found  it  moat  abuTidant  where  cell  growth 
is  most  vigorous  and  the  more  rapid  the  growth  the  more 
plentiful  is  the  enz)*mc.  They  have  found  eight  times  as 
much  in  the  Ieaf-bla<ie  as  in  the  petiole,  and  more  than  twice 
as  much  in  the  apex  of  the  stem  as  in  the  base.  In  the 
corolla  of  Cucurbita,  in  which  scarcely  any  thickening  of  the 
cell-wall  can  occur,  the  amount  compared  with  that  in  the 
foliage  leaf  was  as  1  :  4.S. 

The  failure  of  a  plant  to  thrive  or  even  to  grow  beyond  a 
slight  extent  in  the  absence  of  calcium  may  be  partly  connected 
with  the  same  series  of  phenomena. 
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Whev  urino  is  fir>;t  excreted  by  an  animal  its  reaction 
faintly  acid  ;  aftur  slaudiug  for  some  time  exposwi  to  the  air  it 
becomes  alkaline;  the  strength  of  the  reaction  gitidually  in- 
creases and  after  a  somewhat  longer  interval  a  distinct  odour 
of  ammonia  is  evolved  from  it.  If  after  being  shed  it  i& 
sterilised  and  kept  fVom  contact  with  air  this  change  does  not 
take  place. 

Chemical  examination  of  the  exposc<l  urine  shows  that  the 
alteration  is  due  to  the  transformation  of  the  urea  into  car- 
bonate of  ammonia,  which  takes  place  by  a  simple  process  of 
hydrolysis  according  to  the  equation 

CO(NH,>,+  2H,0  -(NHACO,. 

This  decomposition  of  urea  has  been  regarded  as  a  fermeii- 
'^tlrtiion  almost  ever  since  the  time  when  it  was  first  observed. 
Before  chemical  investigation  had  been  made  into  the  com- 
position of  the  changing  urine,  Fourcroy  and  Vuuquelin 
suggested  that  the  alteration  of  its  reaction  wa«  due  to  a 
transformation  of  the  una,  and  that  it  was  caused  by  a  ferment 
action  set  up  by  the  albuminous  matter  in  the  urine.  Dumas 
took  a  similar  view,  but  supposed  that  the  ferment  originated 
in  the  miicus  which  unne  generally  contains.  Jacquemart 
associated  the  ferment  action  with  the  white  deposit  which 
gradually  forms  in  the  vessels  when  urine  is  allowed  to  stand 
until  it  becomes  stale.  He  held  the  same  view  as  Fourcroy 
that  the  ferment  principle  was  amorphous. 

About  1860  more  accurate  views  began  to  be  formulated. 
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A  suggestion  was  made  by  a  Oerman  chemist,  MtiUer,  that  the 
action  was  probably  due  to  a  living  uigauiain,  corresponding  to 
the  yeast  of  beer.  Two  years  later  Pasteur  discovered  such  an 
organism  in  certain  specimens  of  putrid  urine.  He  described 
it  as  consisting  of  small  spherical  cells  joined  together  in 
chains.  The  cells  were  in  appearance  a  good  deal  like  the 
cells  of  yeast  but  were  much  smaller.  On  account  of  this 
resemblance  the  organism  was  originally  named  Torula  ureoB. 
It  was  studied  with  much  care  in  1864  by  Van  Tieghem.  whose 
results  were  confirmatory  of  those  of  Pasteur.  The  organism 
waa  subsequently  renamed  Micrococcus  urew  by  Cohn.  It  is 
composed  of  spherical  or  globular  cells  whose  mean  diameter  is 
lo/i;  they  are  united  together  into  long  curvud  chains  which 
ore  dispersed  throughout  the  liquid  as  long  as  the  fermentation 
proceeds.  When  it  is  over  they  sink  to  the  bottom  of  the 
vessel  and  the  chains  break  up,  so  that  a  sediment  is  com- 
posed  of  free  globules  or  short  chains.  The  cells  show  no 
granulation,  their  cell- wall  is  hardly  to  be  distinguished  from 
their  contents,  and  thfy  multiply  for  the  most  part  by  budding. 

Micrococcus  urese  cau  be  cultivated  most  easily  in  urine, 
but  it  will  grow  in  any  nitrogenous  fluid  in  which  urea  is 
dissolved,  or  in  a  solution  of  urea  which  also  contains  phos- 
phates. According  Ui  Jaksch  it  is  cjijiable  of  thriving  without 
urea  if  other  amides  or  peptones  are  present  instead. 

The  organism  is  aerobic. 

A  peculiar  feature  of  its  life  which  was  noticed  by  Van 
Tieghem  is  its  power  of  thriving  in  strongly  alkaline  solutions. 
He  observed  a  fcrmontntion  to  continue  until  the  liquid  con- 
tained 13  per  cent,  of  carbonate  of  ammonia,  a  concentration 
which  would  be  fatal  to  almost  all  other  forms  of  vegetable  life. 

Van  Tieghem  has  stated  that  this  organism  is  capable  also 
of  decomposing  hippuric  acid,  which  is  so  prominent  in  the 
mine  of  herbivorous  animals,  the  pitxlucta  of  the  decomposition 
being  benzoic  acid  and  glycin.  This  process  also  is  one  of 
hydrolysis  and  may  be  expressed  by  the  following  equation 

(C.H,    +fCH,NIL 
ICOOH    JCOOH. 

Hipparic  icid  Benzoic  acid        G'tyelD 


C.H»NO,  +  H,0. 
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When  hippurale  of  ammonia  is  dissolved  in  either  yeast- 
water,  or  a  solution  of  sugar  which  also  contains  phosphates, 
and  is  exposed  to  the  air,  a  growth  of  the  Micrococcus  soon 
appears  in  the  liquid,  which  quickly  gives  evidence  of  the 
decomposition  just  alluded  to. 

Other  orj^anisras  have  been  ascertained  by  Sestini  to  effect 
the  hydrolyais  of  uric  acid,  the  resulting  products  being  car- 
bonate of  ammonia  and  carbon  dioxide. 

This  Micrococcus  is  not  by  any  means  the  only  microbe 
which  has  the  power  of  decomposing  urea.  We  owe  t<i  the 
researches  of  Miguel  and  other  writers  a  knowledge  of  many 
other  organisms  which  can  effect  its  hydrolysis.  Some  of  these 
ai*e  ordinary  fungi,  but  most  belong  to  the  group  of  the  Scfiizo- 
myceiea  or  fission-fungi.  Miguel  has  described  seven  species 
of  liacillits,  nine  Micrococci,  and  one  Sarcina.  The  Bacilli 
appear  to  act  most  energetically. 

The  orgnni.sms  arc  very  widely  distributed  in  nature,  being 
found  in  the  air,  in  spring  and  river-water,  and  in  the  soiL 
According  to  Miguel  1 — 2  per  cent,  of  the  bacteria  present 
in  the  soil  and  15  per  cent,  of  those  present  in  cow-honse 
manure,  are  capable  of  hydrolysing  urea. 

The  urea  doej*  not  appear  to  be  normally  a  nutritive  sub- 
stance for  the  organisms.  If  other  niti-ogeuous  compounds, 
particularly  proteitis,  are  present  in  the  solution  in  which  they 
are  growing,  these  are  the  sources  from  which  they  gain  their 
nitrogen.  In  the  absence  of  such  compounds,  however,  they 
can  use  the  nitrogen  of  the  urea. 

The  activity  of  the  Tumla  or  Micrococcus  ureiR  has  been 
ascertained  to  be  due  to  a  soluble  enzyme  which  under  certain 
conditions  can  be  extracted  from  the  cella  The  enzyme,  to 
which  the  name  urease  has  been  given,  was  first  described  by 
Musculus  in  1874.  When  xirine  which  was  undergoing  active 
ammoniacal  fermentation  was  filtered  through  fine  filter-paper 
and  the  paper  subsequently  well  washed  and  dried,  he  found 
that  he  could  excite  a  similar  fermenUition  by  immersing 
pieces  of  it  in  a  neutral  Holution  of  urea.  AfuM'uluR  tested 
the  prc^ess  of  the  fermentation  by  staining  his  paper  with 
turmeric  after  treating  it  as  already  describe*!.     After  a  short 


I 


xvnfT 


UHEAHE. 


285 


stay  in  the  solution  of  urea  the  turiDoric  became*  brown  owing 
to  the  alkalioity  of  the  liquid.  The  same  result  was  obtained 
when  the  paper  was  washed  with  Htroog  alcohol  before  staining 
with  turmeric.  Under  this  treatment  the  induced  femientation 
could  not  be  due  to  living  cells  left  on  the  filt^^r-paper  as  these 
would  not  survive  contact  with  the  alcohol.  In  a  subsu<jueDt 
paper,  published  in  1876,  Musculus  described  the  prcpiiratiou 
of  the  enzyrae  from  some  highly  alkaline  unne  which  ho 
obtained  from  a  pathological  uucretiou.  He  added  alcohol  iu 
excess  to  such  urine  and  obtained  a  viscous  precipitate  con- 
sisting largely  of  mucin,  derived  from  thf  walla  of  the  bladder. 
When  this  precipitate  was  separated  by  Ultration  and  dried,  it 
readily  yielded  to  water  a  solution  of  the  enzyme  which  was 
extremely  active.  This  solution  when  added  to  alcohol  de- 
posited an  amorphous  precipitate  which  possessed  the  power  of 
settiug  up  the  decomposition  of  urea.  The  source  of  the 
enzyme  in  this  case  was  apparently  the  alkaline  urine,  as 
Musculus  states  his  mucous  urine  did  not  contain  any  of  the 
cells  of  the  microbe.  Thia  does  not  however  prove  that  the 
enzyme  hat]  any  Jither  origin,  as  they  might  have  been  present 
in  the  bladder  under  the  pathok'gical  conditions  existing. 

Musculus  found  that  uu  acidifying  the  solution,  the  enzyme 
was  rapidly  destroyed. 

The  behaviour  of  the  Micrococcus  was  the  subject  of  an 
exhaustive  series  of  experiments  by  Sheridan  Lea  in  \SS5. 
He  cultivated  the  organism  in  urine  until  he  had  obtained  a 
large  rjuautity  which  was  exciting  a  very  vigorous  fermentation, 
when  he  pnired  the  whole  into  an  excess  of  alcohol.  A  copious 
precipitate  was  thrown  down,  consisting  partly  of  the  organism 
and  partly  of  mineral  and  other  matter  contained  iu  the  urine, 
together  with  a  sediment  which  was  ah-eady  existing  in  the 
fluid.  The  precipitate  was  thrown  into  a  filter,  well  washed 
with  more  alcohol  and  dried.  A  small  quantity  of  the  precipi- 
tate when  mi.\ed  with  a  2  per  cent,  neutral  solution  of  urea 
and  kept  at  38"  C.  developed  a  .strong  alkaline  reaction  in  a  few 
minutes  and  this  was  followed  a  little  later  by  the  evolution  of 
a  powerful  odour  of  ammonia. 

Some  of  the  precipitate  was  next  extracted  with  water,  and 
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tilt«re<l.  The  reaction  of  the  filtrate  was  very  slightly  alkaline 
but  the  liquid  was  clear  and  limpid.  On  adding  wime  of  this 
to  a  quantity  of  the  same  solution  of  urea  a^  wan  used  in  the 
first  experiment,  the  same  sequence  of  phenomena  occurred. 
Th*'  idciihol  precipitate  was  in  this  way  shown  to  contain 
vnzyine  capable  of  hydroiysing  urea  and  it  was  fuund  posst 
to  dissolve  it  out  by  treating  the  precipitate  with  water. 

Lea  claims  to  have  been  able  to  obtain  the  enzyme  in  an 
approximately  pure  condition  by  repeated  solution  of  the  pre- 
cipitate and  reprecipitation  by  alcohol.  This  treatment  gnuju- 
ally  removes  the  salts  which  are  present  as  well  as  the  enzyme. 
So  preptired  he  found  it  to  be  a  white  powder,  ainorphons  in 
character,  giving  a  clear  solution  in  ditftilled  water,  which 
however  always  showed  the  presence  of  a  trace  of  proteid 
matter  when  t-ested  with  nitric  acid  and  ammonia. 

Lea's  results  confirm  and  extend  those  of  Musculus,  id 
far  as  he  shows  that  the  enzyme  can  be  prepared  fiom  the 
of  the   Micrococcus.     In    Musculus'  experiments    he  says 
cells  were  not  present  and  the  mucoas  urine  itself  was 
source  of  the  euzynie  he  obtained. 

Lea  made  a  further  series   of  experiments  to  see  if   the 
enzyme    is  excreted   by   the   Micrococcus   into   the  urine 
whether  the  normal  action  is  intracellular.     Musculus'  resufc 
appear    to    indicate  an   excretion    of   the  enzyme   from    t 
organism  in  the  bladder,  as  it  is  hardly  likely  that  the  ti 
uf  the  latter  produced  it. 

In    these   experiments    Lea   took    a   quantity   of   actlvi 
fermpnting  urine  and  filtered  it  till  it  was  frtie  from  sedimen' 
The  orgauisms  were  left  behind  on  the  filter,  very  fine  pa; 
being  used  and  each  filter  being  comp)Red  of  12 — 15  thi 
nesaes.     The  filtration  was  continued  till  no  micrococci   w* 
visible  under  the  microscope.     The  perfectly  clear  filtrute 
then   neutralised    by   very   dilute   acetic   acid,  and  after   t 
resulting  cfiervesccncc  had  subsided,  the  remaining  carboi 
<lioxide  was  extracted  by  exposure  to  a  vacuum.    Two  per  o 
of  urea  was  then  added  to  a  measured  quantity  of  the  filt 
and  the  whole  placed  in  a  water-bath  at  *S8°  C.     A  control 
prepared  by  taking  another  equal  quantity  of  the  filtrate  witi 
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out  adding  any  urea.    This  was  placed  in  a  similar  vessel  ia 

the  water-bath  side  by  side  with  the  first  one. 

Both  quantities  rentained  neutral  oven  after  an  exposure  of 
six  hours. 

In  farther  experiments  Lea  separated  the  organisms  from 
the  urine  by  Altering  it  through  a  i>orou3  earthenware  cell,  and 
found  the  same  results  as  to  the  absence  of  the  enzyme  from 
the  urine  so  prepared. 

A  quantity  of  similar  urine  was  next  filtered  till  free  from 
cells  and  precipitated  by  the  addition  of  an  excess  uf  alcohol. 
The  resulting  precipitate  was  soluble  in  water,  but  the  solution 
failed  to  exert  any  decomposing  action  on  a  solution  of  urea. 

Lea  thus  failed  to  obtain  any  evidence  of  the  excretion  of 
the  enzyme  from  the  cells  of  the  organism  and  cjinie  to  the 
conclusion  that  its  action  was  altogether  intracellular.  This 
result  was  antagouiHtic  to  that  obtained  hy  MuscuUis.  Only 
two  modes  of  reconciliation  of  the  two  seem  pofwible.  Either 
Mnsctdus'  urine  must  have  contained  some  cells  which  escaped 
his  obsor\'ation ;  or  the  excretion  from  the  organisms  in  Lea's 
experiments  was  only  small  and  what  ferment  there  was  was 
I  destroyed  by  the  alcohol  used  in  the  precipitation.  Neither 
explanation  seems  very  satiufuctory. 

Lea  came  to  the  conclusion  that  the  enzyme  was  incapable 
of  passing  out  of  the  cell  during  life,  on  account  of  the  cellulose 
membrane  surrounding  it. 

When  the  organism  was  lulled  by  the  alcohol  and  its 
protoplasm  to  some  extent  decomposed  by  the  action  of  the 
reagent,  the  enzyme  could  be  extracted  by  a  solvent  such  as 
water. 

This  explanation,  however,  leaves  us  in  some  uncertainty, 
as  the  treatment  with  the  alcohol  does  nut  destroy  the  whole 
of  the  enzyme,  nor  does  it  modify  the  ceil-wal!,  and  it  is  hard 
to  nndenitand  why  if  the  ferment  cannot  pass  the  cell-wall 
during  the  life  of  the  protoplasm  it  should  be  able  to  do  so 
afler  its  death,  unless  the  latter  modified  the  physical  cha- 
racters of  the  cellulose  membrane.  It  seems  more  likely 
that  the  enzyme  is  retainer!  ver>'  strongly  by  the  living  proto- 
ptiusni,  as  Buchner  has  shown  to  be  the  case  with  the  enzyme 
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producing  alcohol.    After  dcfith  of  the  pnitoplasm  it  would 
much  more  easily  extracted. 

Miguel  has  extracted  the  enzyme  from  fourteen   difTertnl 
Hpocies  of  micro-organisms  which  present  distinct  niorpholo] 
characters,  aud  which  are  all  capable  of  setting  tip  animoniai 
fermentation.    He  cultivated  each  of  them  in  peptone  solutions 
containing   2 — 3  grammes   of   ammonic  carbonate    per   litre. 
Before  inoculation  with  the  microbe,  the  solutions  were  steri-^ 
lised  by  being  filteivd  through  porcelain.     The  cultures  w^ 
continued  fur  some  days  until   the  whole  liquid   had    becomi 
turbid.     The   |>uptoue  solution   was  then  found   to  contain 
(|uautity   of   the   euzyino    which    had    been    excreted    by    the 
microbes.     In    his    experiments    Miguel    obtained    su63cieaC 
enzyme    per    litre   of   peptone    solution    to    convert    60 — SO 
grammes  of  urea  into  ammonic  carbonate  in  less  than  an  hour. 

The  optimum  teraperutui-e  for  the  working  of  urease  Miguel 
found  to  be  50 — 55'  C,  but  ev^n  at  this  temperature  the 
enzyme  was  gradually  destroyed.  At  a  temperature  near  0"  C. 
the  solution  of  urease  retained  its  activity  for  several  weeks ;  at 
75°  C.  it  was  destroyed  in  a  few  minutes  and  at  80°  C  almost 
instantaneously.  The  organisms  themselves  were  not  easily 
killed,  suniving  im  exposure  for  2 — 3  hours  to  a  moist 
temperature  of  95"  C.  Lea  found  his  preparation  of  urease 
was  destroyed  on  heatiug  to  80 — 85"  C. 

Bufaliui  baa  stated  that  besides  decomposing  urea  and 
hippuric  acid  urease  is  capable  of  converting  asparagiu  into 
»ucciuic  acid. 

Sclimiedcburg  has  found  an  enzyme  in  the  kidney  of  the 
pig  which  he  says  is  concerned  in  the  splitting  up  of  hippuric 
acid.  He  ha.s  given  it  the  name  of  histozyme.  Whether  it  is 
the  same  as  urease  i»  not  at  present  determined,  though  it 
does  not  seem  unlikely  that  they  may  be  identical  when  we 
remember  that  Van  Tieghem  showed  that  Micrococcus  ure» 
can  hydrolyse  hippuric  acid  a»  already  mentioned. 


tre. 
eri-^ 

>  afl 
^heB 

I 


CHAPTER  XIX. 


OXIDASES,   OR   OXIDtSINQ   ENZYMES, 


The  general  course  of  Action  of  the  enzymes  which  we  have 
discussed  so  far  we  have  seen  to  be  one  of  hydrolysis,  or  decom- 
position of  the  bodies  attocked  by  them  after  a  preliminary 
taking  up  of  water  into  their  molecule.  This  is  fairly  satisfac- 
torily established  with  regai-d  to  most  of  the  femitnts  which 
play  a  leading  part  in  digestive  changes  in  both  animal  and 
vegetable  organisms.  The  changes  efiFected  by  the  proteolytic 
enzymes  are  not  so  clearly  shown  to  be  hydrolyfcic  as  are  those 
bronght  about  by  ferments  which  act  upon  carbohydrates  and 
fats,  but  we  have  seen  reason  to  believe  that  the  counse  of  action 
is  the  same.  The  reaction  is  evidently  more  complicated  in  the 
case  of  the  clotting  enzymes,  and  for  the  present  we  mnst  leave 
the  matter  doubtful  so  far  as  they  arc  concerned. 

A  few  of  the  decompositions  we  have  examined  do  not  appear 
to  be  coucemed  with  hydration,  particularly  the  action  of  uiy- 
rosin,  and  we  shall  see  later  that  the  alcohol -producing  enzyme 
of  yeast  does  not  initiate  such  a  process. 

During  the  last  few  years  the  existence  of  another  class  of 
enzymes  has  been  indicated,  all  of  which  act  by  promoting 
direct  oxidation  of  various  substances,  including  various  aromatic 
compounds  and  sugar.  Those  have  been  called  oscidases ;  they 
are  somewhat  widely  distributed,  occurring  in  both  the  animal 
and  the  vegetable  body. 
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Of  these  oxidaaes  the  earliest  to  be  recognised  was  laecoM. 
the  body  which  is  concerned  in  tho  productian  of  lacquer  ramish 
from  the  crude  sap  of  the  lac  tree  of  South-east  Asia. 

The  existence  of  this  oxidase  was  first  pointed  out  in  1883 
by  a  Japanese  chemist,  Yoshida,  who  investigated  the  latex  of  j 
that  plant  and   first  ascertained   the   nature   of  the    change 
occurring  in  the  production  of  the  ramiab. 

The  crude  juice  is  obtained  by  making  incisions  into  the 
trunk  of  several  species  of  Rhus,  and  collecting  the  viscous 
matter  which  exudes.  It  has  the  appearance  of  a  nearly  white 
creamy  liquid,  possessing  a  faint  odour  resembling  that  of 
butyric  acid.  On  exposure  to  air  it  rapidly  changes  colour, 
becoming  brown,  and  ultimatply  black.  Spread  on  a  flat  surface! 
it  dries  with  a  brilliant  black  lustre.  The  juice  is  very  diiH-l 
cult  to  experiment  with,  as  it  possesses  a  very  irritating'  property 
which  affects  the  skin,  causing  painfid  eruptions  and  sores. 

Yosliida  states  that  the  juice,  known  by  the  name  of  urtishi 
con&isttt  in  great  part  of  a  peculiar  acid,  which  he  has  called 
urmhic  acid,  and  to  which  he  ascribes  the  formula  C„H„0 
Separated  by  appropriate  methods  from  the  cnide  latex  and 
dried  at  1 10"  C.  it  forms  a  dark,  pasty  substance,  smelling  of  the 
original  juice;  it  is  thou  soluble  in  benzol,  ether,  alcohol,  aod 
carbon-disulphide,  but  is  insoluble  in  water;  it  bos  a  specific 
gravity  of  -9851  at  23°  C.  When  exposed  to  the  air  it  does 
not  dry  nor  show  signs  of  change  such  as  the  original  latex 
docs. 

Besides  uruehic  acid,  the  crude  sap  contains  a  certain  pro- 
poitiou  of  gum,  and  a  variable  quantity,  usually  about  .S — 8  per 
cent.,  of  a  peculiar  nitrogenous  body,  which  coagulates  ou 
heating  to  63*  C.  If  the  latex  is  treated  with  excess  of  alcohol 
the  gum  and  the  nitrogenous  constituent  are  precipitated. 
After  filtration  the  latter  can  be  separate*!  from  the  former  by 
the  action  of  cold  water,  in  which  it  dissolves,  while  the  gum 
only  becomes  swollen. 

The  enzyme  is  associated  with  this  nitrogenous  constituent 
of  the  juice.     If  a  solution  of  it  is  mixed  with  a  small  quantity 
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of  iree  iinishic  acid,  the  latter  is  under  certain  conditions 
convertefJ  into  the  varnish.  The  chan^  doea  not  take  place  if 
the  sohition  is  heated  to  fiS"  C. 

The  nature  of  this  nitrogenous  constituent  baa  not  been 
clearly  established,  but  it  seems  to  differ  conaiderably  from  the 
proteids,  containing  a  much  smaller  proportion  of  nitrogen, 
and  more  carbon  than  they  do.  Yoshida's  ana]}-sis  of  it  gives 
C63-44,  H7-41.  N+'Ol,  O2204,  Ash  1-2  in   100  parts. 

From  his  experiments  Yoshida  has  come  to  the  conclusion 
that  urufihi  juice  consists  essentially  of  four  substances,  viz. 
unishic  acid,  giira,  water,  and  a  peculiar  enzyme.  The  phe- 
uomenoD  of  its  drying  is  due  to  the  oxidation  of  unishic  acid, 
CnHt,0,t,  into  oxy-iinishic  acid,  CuHibO,,  which  takes  place  by 
the  aid  of  the  enzyme  in  the  presence  of  oxygen  and  moisture. 

He  supports  this  conclusion  by  two  series  of  experiments, 
which  may  be  quoted  here. 

A  small  quantity  of  the  original  juice  was  put  into  a  covered 
beaker  and  subjected  to  the  regulated  heat  of  a  water-bath, 
the  wattr  lost  by  evaporation  being  subsequently  restored. 
The  heating  was  carried  to  different  temperatures,  and  subse- 
quently the  heated  juice  was  spread  thinly  over  a  gla.sH  plate^ 
and  left  to  dry  in  a  box  the  air  in  which  was  kept  moist.  In 
each  experimeut  the  juice  waa  heated  for  3 J — 4  hours,  and  the 
dpi'ing  was  allowed  to  take  place  at  a  temperature  of  20"  C. 

The  results  were  us  follows: — 


Temp,  of  «xpo8uro. 

Tim«  of  drying. 

20"  C. 

2  hours 

30"  0. 

4    » 

40' C. 

*B  It 

65—59'  0. 

8*    ,, 

60— 63'C. 

Did  not  dry. 

[n  the  second  series  of  experiments  he  found  that  unlesB 
moisture  was  present  the  latex  did  not  dry;  that  in  moist  air 
it  dried  in  4  hours,  in  moist  oxygen  in  2  hours,  in  raoist  hydrogen 
or  nitrogen  it  took  3G  hours,  and  in  moist  COa  it  was  dry  only 
after  2  days'  exposure. 

It  follows  from  these  experiments  that  the  enzyme  works 
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most  energetically  at  a  temperature  of  20"  C,  but  only  wheo 
oxygen  and  moiature  are  both  present;  a  rise  of  teroperatare 
above  20'  C.  is  slowly  prejudicial  to  it,  and  at  60' — G3 "  C.  it  is 
destroyed.  It  may  be  noted  that  it  is  at  this  temperature  that 
the  nitrogenous  matter  coagulates 

Yoshida  prepared  oxy-unishic  acid  from  urusUic  acid  by 
the  action  of  strong  chromic  acid.  He  says  that  so  prepared  it 
exhibits  all  the  properties  of  thu  lacquer  varnish. 

The  name  laccase  was  given  to  the  enzyme  more  thau  ten 
years  later  by  Bertrand,  who  made  fiirther  investigatious  into  the 
peculiar  behaviour  of  the  latex  and  who  ascertained  several 
additional  facts  abuut  the  enzyme.  J 

In  the  main  he  contimis  the  earlier  wurk  of  Yoshiiln  as  to  B 
the  constituents  of  the  latex.     The  body  described  as  urusbic 
acid   he  prefers  to  term  laccol,  but  he  has  not  examined   it  J 
uiimiteJy  uu  account  of  its  deleterious  properties.  H 

He  prepared  the  enzyme  by  treating  the  latex  with  a  large 
excess  of  alcohol ;  this  precipitated  a  gummy  substaoce,  which 
he  purified  by  rerliswilviiig  it  after  filLralion,  and  again  thr<>wing 
it  down  by  the  addition  of  10  volumes  of  alcohol.  It  separated 
out  in  white  opaque  flakes  which  jielded  on  hydrolysis  a 
mixture  of  galactose  and  arabinose. 

The  enzyme  was  extracted  from  the  gum  by  treatment  with 
cold  water. 

In  the  natural  juice  the  laccol  exists  in  the  form  of 
an  emulsion,  which  is  probably  due  to  the  presence  of  the 
gum. 

The  laccol  remains  unchanged  if  it  is  separated  from  the 
latex  by  solution  in  alcohol  and  kept  from  the  air.  If  a  little 
water  is  added  to  the  solution  in  alcohol  a  white  emulsion 
results,  which  keeps  for  a  considcmblc  time  unaltered  ;  but  if  a 
solution  of  laccase  is  substituted  for  the  water,  the  resulting 
emulsion  turns  brown  at  once  and  rapidly  becomes  black, 
esperially  if  air  is  admitted.  With  a  boiled  solution  of  laccaae 
no  such  change  can  be  observed. 

So  far  as  Bertrand  has  investigated  the  properties  of  laccol, 
it>  appears  to  be  allied  to  certain  polyatomic  phenols.  On  this 
account  he  has  examined  the  action  of  lacciise  on  several   of 
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the  latter,  especially  hydroqiiinone  nnd  pyrogallol.  When  the 
former  is  submitted  to  its  influence,  the  colour  of  the  solution 
quickly  becomes  rose-red,  and  aRer  a  short  interval  crystalline 
scales  with  a  green  metallic  lu»tre  appear,  the  (juantity  rapidly 
increasiug.  Wheti  this  operatiou  is  cai-ried  out  in  a  sealed  tube 
the  oxygen  present  is  almost  completely  absorbed.  The  liquid 
gives  off  a  strong  characteristic  odour,  and  quinone  can  be  ex- 
tracted from  it  by  shaking  it  with  etber  after  removal  of  the 
solid  matter.     The  precipitate  is  quinhydroiio. 

lu  the  absence  of  the  laccaae,  the  hydroquinone  does  not 
absorb  oxygen,  nor  undergo  alteration.  The  hydroquinone  is 
therefore  oxidised  by  the  free  oiygen  under  the  influence  of  the 
laccase,  according  to  the  equation 

2C,H4(OH)3  +  O3  ^  2H,0  +  2C.H  A. 
H^droqainoQo  Qaioone 

The  colour  given  to  the  liquid  is  due  to  the  formation  of  the 
quinone.  Some  of  the  latter,  combining  with  the  excess  of 
hydroquinone  not  oxidised,  produces  the  less  soluble  crystals  of 
quinhydrone. 

When  pyrogallol  is  used  instead  of  hydroquinone  similar 
results  are  obtained,  a  precipitate  of  purpurogalline  being  thrown 
down  in  the  form  of  a  powder  which  sublimes  on  heating, 
forming  omnge-red  needles  which  are  soluble  in  alcohol  and 
acetic  acid. 

Laccase  attacks  many  other  polyphenols,  but  chiefly  those 
whose  hydroxyl  groups  are  in  the  ortho-  and  para- positions. 
The  corresponding  me ta-com pounds  are  affected  only  with 
dithculty.  The  uxidisability  of  these  bodies  by  laccase  seems  to 
depend  on  the  facility  with  which  they  can  be  transformed  into 
quiuonos.  The  mouophenols  are  not  oxidised  by  the  enzyme, 
but  it  attacks  gallic  acid  and  tannin. 

Bertrantl's  observations  on  the  behaviour  of  laccase  at  diffe- 
rent temperatures  do  not  agree  with  those  of  Yoshida,  as  he 
finds  it  still  active  after  heating  it  to  70"^^  C, 

Bcrtrand  has  sought  for  laccase  with  .some  success  in  other 
plants  and  hus  indicated  a  rather  wide  distribution  for  it.  In 
his  researches  he  has  employed  the  guaiacnm  test  aud  appears 
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to  a  certain  extent  to  rely  upon  this  method   of   recognitic 
This  is  unfortunate,  a&  most  investigators  do  not  ^nd   it  giv 
entirety  satisfactory  results.     He  aays  that  an  alcoholic  tiiictnr 
of  gum  guaiacum  becomes  blue  in  the  presence  of  air  iiud  a  liltte 
laccase ;  if  much  of  the  latter  is  present,  it  turui*  I'runi  bine 
green  and  subsequently  to  yellow.     In   most   cases    hovceve 
he   has   contirmed    his   results   by   isolating   the    enzyme 
proving    its  preseno*  by   its  action.     This  is  really    the   oulj 
satisfactory  method  of  demonstrating  il«  existence:     By  the  t^ 
methods  conjointly  he  has  found  laccase  in  the  roots  of  the 
beet,  canot  and  turnip,  in  the  tubers  of  the  potato  and  the 
Jerusalem   artichoke;    in    the   tuberous  roots  of  Dahlia;    in 
certain  rhizomes ;  in  the  fruits  of  the  apple,  pear,  quince  and 
chestuut;  in  the  vegetative  pai'is  of  lucerae,  clover,  rye-grass, 
and  asparagus ;  and  in  the  Howers  of  Gardenta.     It   may  be 
prepared  from  these  sources  by  extraction  with  water  and 
cipitation  of  the  extract  with  alcohol.     If  the  tissue  is  greet: 
the  extract  may  be  saturated  with  chloroform  and  allowed 
stand  fur  2+  hours  to  free  it  from  the  colouring  matter,  aftel 
which  the  precipitation  by  alcohol  may  be  carried  out. 

Rey-Pailharde   has   found    laccase    in    germinating    secdsJ 
especially  of  plants  of  the  Leffununosw. 

The  activity  of  laccase  appears  to  be  associated  in  some 
way  with   the   presence  of  manganese.     Its   ash    always    con- 
tains traces  of  an  oxide    of  this  metal,  sometimes  as    much^ 
as  2  per  cent.     Bertrand   states  that  the  activity  of  a  pre-^| 
paration    of    the   enzyme   is   proportional   to   the  amount    of 
manganese  which  is  present.  ^_ 

When  prepared  from  Lucerne  it  is  poor  in  this  constituent,  ^| 
and  the  effect  of  the  luMition  of  a  salt  of  the  metal  can  be 
easily  studied.  Bertrand  describes  a  typical  experiment  on 
this  point.  He  gathered  several  kilograms  of  lucerae  at  the 
time  of  dowering  and  bruised  them  in  a  mortar,  pressing  out 
the  sap,  which  was  then  saturated  with  chloroform  and  allowed 
to  Htond  in  the  dark  for  24  hours.  The  juice  was  next  filtered 
and  2^  volumes  of  alcohol  added  to  precipitate  the  laccase. 
The  precipitate  was  taken  up  with  a  little  water,  the  solution 
filtered  and  the  laccase  again  thrown  down  by  large  excess  of 
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alcohol.  The  final  precipitate  was  collected  and  dried  in  vacuo. 
It  contained  a  mere  trace  of  manganese. 

To  oOc.c  of  a  soluiion  of  hydruqiiioone  '1  gm.  of  this 
precipitate  was  added,  and  the  whole  was  agitated  for  S4<  hours 
in  contact  with  air.  There  was  then  only  a  red  coloration 
produced.  To  a  further  [|uuiitity  of  50  c.c.  of  the  hydroquinone 
solution  I  gm.  of  the  precipitated  laccase  and  1  mgr.  of  nian- 
ganesc  in  the  form  of  the  sulphate  were  added  together,  and  in 
less  than  2  hours  cr}'8tals  of  quinhydrone  were  formed.  In  the 
latter  ease  there  wa»  an  evident  oxidation,  much  more  extensive 
than  after  24  hours'  agitation  in  the  absence  of  the  manganese. 

In  an  experiment  so  arranged  that  the  absorption  of  )»xygon 
could  be  measured  it  was  found  after  C  hours'  agitation  with  air 
at  15"'  C.  that  with  laccose  alone  '2 c.c.  oxygen  were  taken  up; 
with  a  salt  of  manganese  alone  '3  c.c.  were  ab-sorbed ;  but  with 
both  present  t<>gethor  (j"3  ac.  of  oxygen  were  fixed. 

The  mangane.'^o  is  thus  seen  to  play  a  very  active  part  in 
the  onlinar)'  action  of  the  enzyme.  No  other  metal  was  found 
to  be  capable  of  replacing  it. 

Manganese  combined  with  various  acid  radicals  was  found 
in  a  farther  series  of  experiments  to  have  a  certain  power  of 
causing  the  oxidation  of  hydroquinone,  the  protoxide  appearing 
to  act  as  a  carrier  of  the  oxygen.  Comparing  the  action  of  these 
salts  of  manganese  with  the  conjoint  action  of  manganese  and 
loccasc,  Bertnind  iMlvjince.s  the  theory  that  the  oxiditses  may 
be  conceived  to  be  special  combinations  of  matigauese  with 
certain  proteid  bodies  containing  acid  radicals,  the  latter  vary- 
ing with  the  particular  enzyme.  In  such  combinations  the 
acid  radical  has  just  the  necessary  aAinity  to  keep  the  metal 
in  solution.  The  work  of  conveying  the  oxygen  is  in  Bcrtrand's 
opinion  discharged  by  the  manganesp.  while  the  proteid  matter 
gives  to  the  oxidase  its  other  charactere,  such  as  are  mode 
evident  by  the  action  of  heat,  and  the  various  reagents  used  to 
identify  it. 

Whether  this  hypothesis  be  accepted  or  not.  the  cxperimcntfl 
show  that  laccase  is  at  any  rate  much  assisted  in  its  working  by 
the  presence  of  manganese  if  its  activity  is  not  entirely  de- 
pendant upon  its  association  with  that  metal  in  some  form. 
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Besides  the  plants  already  mentioned   laccase  appcsus  » 
diet  in  a  cunsiJerable  number  of  Fungi     In  these  pUnta  the 
phenomena  of  axidation  are  very  prominent,  aud  in  coaBseqneooe 
of  thin  fact  Bourquelot  and  Bertrand  instituted  in  1896  an 
inve»tigatiou   of  them  with   a   view  to  ascertAinin^  whether 
laecaae  or  some  similar  enzyme  plays  a  part  in  their  melabohsm. 
As  in  other  cases,  at  the  outeet  these  observera  laid  consider^     ' 
able  stress  on  the  gnaiticiun  reaction,  and  they  found  that  the  d 
liquid   that  can  bo  expressed  from  many  fun^  ver>'  rapidlv  ™ 
oxidises  the  tincture  with  the  formation  of  a  blue  colour,  but 
that  it  does  not  bring  about  this  change  if  it  is  first  boiled. 

The  reactions  of  the  expressed  juice  with  other  botiies  than 
tincture  of  guaiacum  leave  no  doubt  that  it  contains  the  same 
principle  as  the  sap  of  the  lacquer  tree.  It  causeH  the  brown- 
ing of  the  laccol  prepared  from  the  latex  of  Rhus;  it  yields 
crystals  of  purpurogaltiue  when  allowed  to  act  upon  pyrogallol, 
produces  quinoue  and  quinhydrone  from  hydnn|uinone.  and 
gives  a  very  distinct  bmwn  colour  with  gallic  aci*J. 

The  fungus  which  yields  lacea.se  mcxtt  readily  is  Rttsaula 
fu'tens  Pers.,  one  of  the  Basidiomycetes,  which  is  fairly  common 
in  woods  during  the  summer.  125  grams  of  this  fundus 
extracted  with  its  own  weight  of  chloroform  water  jielded  60c.c 
of  a  liquid  which  was  at  first  pale  yellow  in  colour,  but  which 
grftdunlly  reddened  on  exposure  to  air.  When  made  to  act  on 
gallic  acid  in  a  closed  flask  which  was  constantly  shaken  it  was 
found  that  the  oxygen  was  gradually  absorbed.  15  cc.  dis- 
appearing during  the  first  hour  of  action.  It  gave  also  the 
react it«is  just  described  with  laocol,  pyrogallol,  &c. 

When  thii  extract  iK>  prepared  was  boiled,  it  gradually  lost 
its  enzymic  powers.  Bourtjuelot  and  Bertrand  say  however  that 
it  is  more  resisitaut  tu  heat  than  most  enzymes,  and  that  to 
ensure  complete  destructiim  the  boiling  should  be  maintained 
for  a  short  time. 

When  the  extract  of  Russula  is  poured  into  an  excess  of 
alcohol  it  yields  only  a  small  amount  of  precipitate,  but  this 
when  separated  off  gives  up  the  enzyme  to  cold  distilled  water. 
The  precipitation  of  the  laccase  is  not  complete  however  when 
the  extract  is  so  ti*eated. 
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A  verj'  large  number  of  species  of  Fungi  have  been  ex- 
amined, chieHy  belongiag  to  the  Basidiomycctcs,  more  than  half 
of  which  have  been  found  to  contain  laccose,  capable  of  acting 
on  the  aromatic  bodies  mentioned.  Of  these  the  genera  Russula, 
Lactarius,  Boletus,  and  PsalNofa  are  the  most  noteworthy. 

The  Gasteromycctes  as  a  nite  contain  little,  if  any,  luid  the 
ABComycetes  and  Myxomycetes  so  far  as  they  have  been  ex- 
amined are  free  or  nearly  free  from  the  enzyme. 

Besides  working  at  the  effect,  of  laccase  on  the  aromatic 
bo<lies  as  dcst^ribed  above,  Bourquelot  and  Bertrand  invoatigated 
the  nature  of  the  changes  of  colour  which  supervene  when 
many  of  the  fleshy  fungi  are  cut  and  the  damaged  surfaces 
exposed  to  the  air.  The  tissue  of  Boletus  changes  almost 
instantaneously  under  such  conditions,  assuming  a  blue 
colour,  the  depth  of  tint  and  rapidity  of  appearance  varying 
somewhat  in  different  species.  Lacterius  becomes  violet  when 
wounded,  while  Rmsula  turns  first  red  and  finally  black. 

There  have  been  several  theories  as  to  the  cause  of  this 
change  of  colour.  Schoenhein  noticed  the  phenomenon  tis  long 
ago  as  lSo6  and  he  attributed  it  to  the  action  of  ozone  upon  a 
particular  chromogeu  in  the  fiingui^,  saying  that  the  latter  also 
contains  a  substance  capable  of  ti-ansforming  the  oxygen  of  the 
^r  into  ozone.  In  1H72  Ludwig  made  some  investigations  into 
the  subject  and  confirmed  Schrenbein  as  to  the  existence  of  a 
special  chromogen  in  the  tissue. 

In  the  light  of  the  recent  work  on  the  oxidases  Bourquelot 
and  Bertrand  were  led  to  the  view  that  one  of  the  latter  probably 
is  concerned  in  the  alteration  of  the  chromogens.  According  to 
.Sch<enbein  there  was  evidently  something  concerned  besides  the 
chromogen,  and  in  his  opinion  the  work  effected  by  the  par- 
ticular constituent  in  question  was  the  transformation  of  ox3'gen 
into  ozone.  Whatever  it  may  have  been  it  cooperated  with  the 
oxygen  of  the  air  in  causing  the  oxidation  of  the  chromogen. 
Ah  this  is  apparently  the  part  played  by  laccase  in  the  formation 
of  the  Jacr^uer  vamlsh,  it  seems  probable  that  Schccnbcin's 
hypothetical  oxygen  transformer  was  really  an  oxidising  enzyme. 

Working  on  this  hypothesis  Boui*r|uelot  and  Bei-trand  car- 
ried out  the  following  experiment.    A  definite  weight  of  Boletus 
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cyuw— fgjM  Ball,  was  extracted  vilh  botlios^  alcohol  of  95  per 
cent.  ooocentntioD,  the  fiiaf^as  bdng  cat  Qp  as  fiu-  a&  poeaJtAi 
out  of  oofitact  whh  air.  Tb«  extraction  was  oootinued  fiir  a 
quarter  of  an  boor,  after  which  the  tiquid  was  cooled  and  fiHeved. 
The  alcoholic  extract  so  prepared  was  fiuntly  yellow  io  colour. 
«zk1  it  contained  the  safastance  which  normalljr  tuma  bloe  on 
expoeore.  So  prepared  it  retained  ita  colour  lor  a  nomSdiraMfi 
Ciixke,  even  when  dilated  with  water  aod  allowed  to  atu»d  ia 
cuDtacC  with  air. 

The  inrestagators  added  to  each  an  extract,  diluted  with  ita 
own  Tolitxoe  of  water,  a  small  qaantity  of  the  extract  of  Riusiila 
prepared  as  deacrihed  ahore.  In  half-a-minute  a  purple  oolota- 
tioa  i^ipeared  which  pa  wind  r^^idly  into  hloe^  The  satoe  eflect 
followed  on  the  additioo  of  a  tittle  laocase  prepared  fr\>iii  the 
latex  of  the  laoqacr  tree.  If  the  eazjnne  was  added  alowlr 
without  agitation  the  tint  was  seen  to  he  aiiniiinfd  gisdoally,  the 
iqiper  lajers  of  the  liquid  in  contact  with  the  air  heing  coloored 
fint  and  the  tint  spreadii^  thence  througfaoat  the  whole. 

Henee  Booiqnelot  and  Bertraad  infer  that  the  oxidase  which 
can  efieci  Uiese  diai^es  is  identical  with  the  laccaae  of  Rhoa  and 
other  plants,  and  that  in  addition  to  acting  on  aromatic  bodies 
soch  aa  hjrdroqninooe  and  prrogallo]  it  mkao  assists  to  oaudMe 
the  cfarooHgens  of  certain  fun^i,  especiaUj  those  which  jield 
a  Uoe  or  a  red  oolooring  matter.  The  Uocase  exists  ia  the 
jdoe  of  the  fdogi  side  by  ade  with  the  chrooMgea,  bat  when 
the  juice  is  boiled  hefere  exposure  to  the  air  has  taken  phiee 
the  boBBse  b  destroyed  and  the  chromogen  in  conseqiBeiice 
femains  iimlwiigwd 

An  eoxjnae  aoiilar  in  nuuiy  respects  to  laeMac  baa  been 
described  bj  Fiixi  and  Portier  as  exisdn^  in  the  gills,  likbtal 
palps,  and  blood  o^  certain  mnHnsni 
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lypostaasf. 

In  other  Fnngi  there  are  diflerent  chramogens  whi4^  do  ] 
tnra  bine  on  expoaore  to  air  bot  becooae  red  and  finally  hiach* 
Of  these   Rmsgnia  aijyricaas  Bull  is  perhaps  the  most 
example.     The  sabatanea  whidk  gives  rise   to 
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black  colour  ia  almost  insnhible  in  alcohol,  but  after  the  fungus 
has  been  boiled  with  this  rtfagent  it  can  be  extracted  from  the 
residue  by  subsequent  maceration  with  boiling  water.  When 
such  an  extract  is  treated  with  a  little  fresh  cold  water  extract 
of  the  fungus,  or  a  piece  of  the  tissue  is  added  to  it  the  liijuid 
turns  red  and  after  a  time  black.  If  the  chromogen  is  extracted 
from  the  fungus  by  boiling  water  and  rapidly  pressed  and  the 
exuded  liquor  filtered  and  concentrated  to  a  small  bulk,  it 
deposits  colourless  needle-shaped  crystals,  usually  collected 
together  into  spheres.  They  are  not  soluble  in  alcohol  nor 
readily  in  cold  water  but  they  dissolve  freely  in  hot  water. 
They  have  been  identified  by  Bertrand  with  ttfrosin. 

Bertraud  has  observed  the  same  geneiul  course  of  behaviour 
with  the  expressed  juice  of  the  roots  of  the  beet,  the  tuberous 
root«  of  the  dahlin,  and  the  tubers  of  the  potato.  In  these  cases 
also  he  has  identified  tyrusin  in  the  tissues. 

The  similarity  of  behaviour  to  that  observed  in  the  cases  of 
Boletus,  Lactarius,  &c.  points  to  a  similar  cause  of  the  change 
of  colour.  Laccase  liowever  has  no  power  to  set  up  the  black- 
ening. Nor  will  simple  oxidising  agents  bring  it  about.  Bertraud 
asserts  that  it  is  an  oxidation  process  due  to  the  presence  of  a 
special  oxidase,  and  he  has  named  the  euzyme  in  question 
tyroeinase. 

If  a  little  of  the  cold  water  extract  of  Kussula  nigricaiis  is 
added  to  a  solution  of  tyrosin,  the  mixture  becomes  at  first  tvd, 
and  subsequently  assumes  an  inky  blacknes.^,  while  linally  a  black 
amorphous  precipitate  settles  out.  If  this  is  carried  out  in  a 
glass  vessel  without  agitation  the  colour  first  appears  at  the 
surface  of  the  Hquid.  If  it  is  conducted  in  a  closed  vessel  from 
which  air  is  excluded  the  change  of  colour  doen  not  take  place. 
Nor  is  the  change  induced  if  the  extract  of  the  fungus  is  boiled 
before  being  added  to  the  solution  of  tyrosin.  In  n  closed 
vessel  in  the  presence  of  hit,  the  absorption  of  oxygen  can  be 
measured  coincidently  with  the  blackening  of  the  liquid. 

TyroHinase  can  be  extracted  not  onl^'  from  Russtda,  but 
from  the  dahlia  and  the  beetroot.  It  is  immaterial  which  of  the 
three  serves  as  the  source  of  the  oxidase  as  the  etfect  upon 
the  tyrosin   is   the  same   in   all   cases.     Russula  appears   to 
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contain  it  in  greatest  quantity.    The  aamc  mode  of  extractii 
can  be  employed  with  cither  material. 

In  some  species  of  Russola  the  two  oxidases  so  far  discus!i€tl 
exist    aide   by   side.      Bertrand    hay   separated    them    by   thr 
following  treatment.     One  and  a  half  kilogrammes   of  frcsi 
gathered  Russulu  delicti  Fries,  was  reduced  to  pulp  atid  raao 
ated  for  half-an-hour  viith  its  oiivn  weight  of  chloroform-wa 
ftt  the  ordinary  temperature.     On  pressing  it,  about  2  litres 
a  mucilaginous  tluid  was  obtained,  tu  which  3  litres  of  9o  pi;r 
cent,  alcohol   were  added.     A  precipitate  fell   which    was  fil- 
tered off.     The   filtrate  was   concentrated   to  half  a    litre 
distillation  at  50''  C.  iii  vacuo,  and  when  so  obtained  was  fou 
to  be  capable  of  acting  with  considerable  energy  on  pyrogal 
and   hydroquinone,  but  to  have  no  effect  on  tyrosin ;    it  con- 
tained therefore  only  laccase. 

The  precipitate  was  washed  with  200  c-c  of  chloroform 
water  and  when  it  was  well  swollen  op.  forming  a  semi-solutioD. 
it  was  precipitated  by  addition  of  400  c.c.  of  alcohol  and  pressed 
dry.  It  was  further  puritied  by  a  repetition  of  this  treatment. 
Dried  nt  35"  C.  it  weighed  about  7  grms.  This  precipitAi 
yielded  to  cold  water  after  some  houi-s'  macerattun,  a  princip; 
which  oxidised  tyrotrin  rapidly,  but  had  hardly  any  perceptibi 
action  on  either  hydroquinone  or  pyrogallol. 

TyTOsina.se  is  destroyed  at  a  much  lower  temperature  ffian 
lacciise ;  it  is  inj  ured  at  about  .'iO''  C.  and  perishes  rapidly  at  higher 
points.     It  is  possible  to  prepare  laccase  alone  from  a  mixta 
of  the  two,  by  heating  the  liquid  canluining  them  to  70"  C. 
then  oxidises  hydmquinone.  but  is  without  action  on  tyrosin. 

Bourquelot  has  recognised   tyrosinase   in   many  genera 
Fungi,  among  which  mny  I>e  mentioned  BoleUm,  Husfuln.  Lacta- 
ritis,  PtixilliLS,  Copritms,  Pmiliota,  Hebehnui,  PholioUi,  Collybia, 
Clitocyhe,  Tricltoloma  and  Anuimta  ;  in  all  these  it  is  associated 
with  laccase,  but  in  the  case  of  Amanita^  the  latter  enzyme 
prt^wnt  only  in  small  quantities. 

Besides  oxidising  tyi'osin.  Bourquelot  has  found  tyrosin; 
to  act  on  all   the  cresols,  resorctnol,  guaiacol,  metatoluidiiie; 
•xyHdine,  ortho-,  meta-,  and  pam-xylenol,  thymol,  carvacrol,  an 
a  and  fi  uaphthol. 
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He  has  noted  a  further  peculiarity  in  its  behaviour  in  that 
it  is  effective  when  dissolved  in  a  mixture  of  water  and  either 
ethyl  or  methyl  alcohol,  provided  that  not  more  than  50  per 
ceut  of  the  spirit  is  present.  The  alcohols  themselves  arc  not 
affected  by  it. 

(En  oxydase. 

Another  of  these  oxidising^  enzymes  has  been  discovered  to 
play  a  prominent  part  in  cau^ng  a  particular  disorder  in  certain 
winea  to  which  the  name  "casse"  or "  cassure  "  has  been  applied. 
According  to  Bouffard  a  wine  affected  in  this  way  loses  its 
characteristic  colour,  and  after  3  or  4  hours  it  contains  a  red- 
brown  precipitate.  If  the  wine  is  at  rest  the  decoloration 
begins  at  the  surface,  where  a  thiti  pellicle  of  coloriring  matter 
forms,  and  the  disturbance  gradually  spreads  to  layers  deeper 
and  deeper  in  the  liquid,  until  at  last  the  walls  of  the  vessel 
are  covered  by  adherent  matter,  and  the  liijuid  is  almost  de- 
colorised, assuming  a  moderately  characteristic  yellow  tint. 
The  deposits  are  formed  of  the  colouring  matter  of  the  wine, 
and  are  insoluble  in  solutions  of  tartaric  acid,  even  if  concen- 
trated. The  chauges  are  not  attended  by  any  evolution  of  gas. 
Bouffard  says  that  such  wines  can  be  preserved  from  the  dis- 
order by  heating  them  to  60"  C.  or  by  the  addition  of  traces  of 
sulphurous  acid.  The  change  is  not  due  to  bacterial  action,  for 
it  is  not  hindered  by  filtration  through  porcelain,  nor  by  the 
addition  of  reagents  which  are  fatal  to  microbes,  such  as  salicylic 
acid  or  bichloride  of  mercury. 

Gouirand  h&A  shown  that  this  change  is  due  to  some  principle 
which  exists  in  the  wine  itself.  He  took  some  samples  of 
affw^ted  wine  anil  after  HItering  a  quantity  through  porcelain. 
a  Inrge  addition  of  alcohol  threw  down  a  precipitate  of  a  floccu- 
leut  character.  When  this  was  collected  and  washed,  a  small 
quantity  of  it  added  to  sterilised  sound  wines  very  speedily 
produced  the  disorder. 

This  substance  is  decomposed  by  heating.  In  some  of 
Gouirand's  experiments  he  treated  samples  of  sound  wines 
with  a  small  quantity  of  it,  and  dividing  them  into  two  parts, 
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he  heatod  half  tu  80^  C.  In  periods  var\'ing  from  1 2  to  72  hours] 
the  disorder  was  pronoimc*}d  in  the  unhealed  samples,  while 
the  contmls  remained  clear  and  limpid  indeliiiitely.  Worming 
the  controls  only  to  60'  C.  gave  variable  resalts;  in  some  it  in- 
bibited  the  action,  in  others  it  only  retarded  its  progress.  l*he 
substance  was  not  affected  by  heating  to  50"  C. 

When   healthy  wines  were  precipitated  by  alcohol   in   the 
same  ^vay  as  the  un.soiind  unctj,  the  precipitate  hod  no  power 
setting  up  the  disorder  when  added  to  other  samples. 

Martinand  has  anoertained  that  this  substance  is  present  i 
ripe  grapes.    An  extract  of  these  gives  all  the  reactioiii* 
laccase,  oxiduing  hydroc|uinone,  pyrogallul,  &c..  but  it  loses  the 
power  of  producing   these   changes   it'  heated  to  100'^  C.     I 
however  there  is  added  to  the  extiw;t,  after  cooling,  a  Utile  of 
the  precipitate  yielded  when  the  juice  of  fresh  grapes  is  treated 
with  a  large  excess  of  alcohol,  it  regains  the  power.    There  is  thus 
present  in  the  grapes  themselves  as  in  the  wine  prepared   from 
them,  a  certain  amount  of  this  oxidining  substance,  which  fi-om 
its  behaviour  must  be  classed  with  lacaise  and  tyrusinajje.  as 
Bii  oxidising  enzyme. 

The  name  wnuxydtise  has  been  given  to  this  body.  It  ap- 
pears to  resemble  laocase  verj'  closely  but  it  is  not  certain 
that  it  is  identical  with  it. 

Martinand  has  proved  it  to  be  present  in  other  fruits 
than  grapes;  plums,  pears  and  apples  especially  may  be  men- 
tioned. It  appears  to  develop  with  the  ripening  of  the  fruit. 
unripe  grapes  containing  very  little.  A  good  deal  seems  to  be 
lost  in  the  preliminary  processes  of  wine-making,  wine  itself 
containing  relatively  little,  when  compared  with  the  freshly 
expressed  grape-juice. 

Moi'tinand  finds  that  the  (enoxydase  can  be  removed  from 
wine  by  shaking  it  with  ether,  which  takes  from  it  a  body 
having  some  of  tlie  properties  of  tannin ;  this  becomes  olive- 
green  or  yellowish-browu  on  the  addition  of  ferric  chloride,  is 
tumetl  red  by  alkalis,  and.  gives  a  white  precipitate  with 
albumin  but  not  with  gelatin.  After  the  wine  has  undergone 
oxidation,  most  samples  do  not  give  up  this  body  to  ether,  and 
many  othei's  yield  only  very  small  quantities  of  it. 
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Wine  treated  with  ether  in  this  way,  and  kept  neutral,  is  not 
Bubject  to  self-oxidatiou.  We  may  therefore  infer  that  the 
enzyme  is  possibly  associated  in  the  wine  with  this  body 
which  is  soluble  in  ether. 

Martinaud  finds  that  the  oxidase  is  destroyed  \rhon  its 
solution  is  heated  to  72"'  and  kept  at  that  temperature  for  four 
minutes.  Exposure  to  55"  C.  for  I^  hours  is  also  fatal  to  it. 
Intennediate  temperatures  bring  about  the  same  destruction 
after  intermediate  times  of  exposure. 

BouSanl  has  observed  that  the  temperature  of  destruction 
varies  a  good  deal  under  different  circumstances.  He  has  found 
that  wines  bc^nning  to  be  attacked  with  the  disorder  have 
been  completely  preserved  by  being  heated  to  60'  C,  and  tiiat 
warming  them  only  to  oa'^C.  materially  helpeit  them  to  resist  it. 
He  has  further  extracted  normal  wine  by  the  alcohol  method 
and  side  by  side  with  it  samples  of  the  same  wine  after  being 
heated  to  60*'  C.  The  precipitate  in  the  latter  case  had  no 
oxidising  power,  while  that  in  the  former  was  very  active. 
Further  investigation  showed  him  that  the  nature  of  the 
medium  exercised  a  great  influence  on  the  destruction.  When 
the  enzyme  was  heated  in  an  aqueous  solution  of  neutnil  re- 
action it  withstood  all  temiJeratures  below  72*5°  C  but  when 
10  per  cent,  of  alcohol  or  5  per  cent,  of  tartaric  acid  was  present 
destruction  was  complete  at  52'3 '  C.  If  double  these  percent- 
ages of  alcohol  or  acid  were  present,  the  temperature  necessary 
for  destruction  whs  roduced  5°C.  He  agrees  with  Martinaud 
however  in  saying  that  it  can  be  destroyed  by  prolonged  healing 
in  neutral  media  at  60"  C. 

Dealing  with  the  action  of  various  reagents  upon  cenoxydase, 
Bouffiird  ha.s  ascertained  that  it  is  destroyed  by  the  action  of 
veiy  dilute  sidphurous  acid,  the  neceesaiy  amount  being  "02 
grm.  per  litre  of  the  solution  of  the  enzyme. 

Cazeneuve  has  extracted  the  enzyme  from  unsound  Beau- 
jolais  and  examined  many  of  its  properties.  He  precipi- 
tated the  wine  by  excess  of  strong  alcohol  and  found  the 
deposit  was  of  a  gummy  consistency.  Ho  look  up  the 
gummy  precipitate  with  water  and  reprecipitated  it  with 
alcohol,  collected  the  deposit  rapidly  and  dried  it  in  vacuo. 
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He    foiiud    the    {irecipitate    chiefly  gum,   impregnated     trith 
(enoxydase.  ^ 

In  most  respects  Cazcneuve's  results  agree  with  thoso  already  | 
quoted,  but  he  finds  further  that  it  acta  slightly  on  alcohols  and 
ethers  and  on  the  essences  which  give  wines  their  peculiar 
bouquet  In  its  action  on  the  wine  he  observes  that  it  causes 
a  disengagement  of  carbonic  dioxide,  and  that  after  its  action 
there  is  a  diminution  of  the  quantity  of  alcohol  and  acid. 

He  attributes  the  noticeable  effects  produced  to  the  action 
of  the  enzyme  on  the  tannins.  As  stated  above  Martiiiarid  h&s 
shown  that  if  these  are  removed  by  ether  the  disorder  of  the 
wine  does  not  occur  Whether  this  is  due  to  the  removal  of 
the  oonoxydaso  with  the  tannin  or  to  the  abstraction  of  the 
latter  only  seems  uncertain. 

Ciutcncuvc  ftirthcr  establishes  a  (act  which  indicatCB  clearly 
that  the  disorder  is  due  to  the  enzyme.  He  has  submitted 
sound  wine  to  the  influence  of  a  current  of  oxygen  for  some 
time  and  also  to  the  action  of  ozone  and  he  finds  that  neither 
process  causes  "  la  casse." 

The  enzyme  can  be  preserved  unchanged  for  some  consider- 
able time  if  dissolved  in  weak  alcohol  or  in  wine  which  does 
not  contain  mc»re  than  y  per  cent,  of  spirit  It  is  however  i*apidly 
altered  by  strong  alcohol. 

Lahorde  has  suggested  a  different  origin  for  (pnoxyrlase. 
He  finds  the  fungus  Bvtri/lis  cinerea  grows  freely  on  grapes 
and  on  sterilised  wine  "  must,"  and  an  investigation  of  its  life- 
history  has  shown  him  that  it  normally  secretes  the  enzyme. 
In  his  experiments  he  employed  a  culture  fluid  in  which  this 
Botr)'tiB  had  been  growing  freely  and  he  compared  the  action 
of  this  liquid  before  mid  after  boiling  it.  In  the  first  case  he 
mixed  a  certain  volume  of  the  cidturc  fluid  with  an  equal 
quantity  of  a  perfectly  sound  wine  and  kept  it  in  contact  with 
the  air  for  4  hours  at  the  ordinary  temperature.  At  the  expira- 
tion of  that  time  all  the  colouring  matter  had  been  precipitat<Kl. 
When  he  boiled  the  culture  medium  before  adding  it  to  the 
wine  no  such  change  took  place. 

Laborde  found  that  the  oxidising  power  of  the  enzyme  as  it 
existed  in  the  mixture  of  the  wine  and  the  culture  medium  was 


OENOXTDASB. 


305 


destroyed  by  heating  the  latter  to  70*  C.  If  no  wine  was 
present  it  would  resist  even  a  higher  temperature  than  thia. 
He  ha^  given  the  following  table  to  show  the  effect  of  gradually 
heating  the  culture-medium  alone. 

60°  C.  destroys  about  half  of  the  oxydasic  power. 
65"  C.        „  „      two-thirds  „  „ 

70*  G.        .,  „       four-fifths 

85"  C,        „  the  whole 

The  oxidase  is  slowly  destroyed  by  absorbing  oxygen,  losing 
about  half  its  power  in  two  days  and  nearly  all  in  twelve  days. 
The  destruction  is  greater  in  proportion  during  early  than  late 
periods  of  oxidation. 

The  fuDgus  contains  most  oxidase  when  it  is  in  full  fructifi- 
cation. 

It  was  mentioned  above  that  Martiuaud  had  found  cenoxy- 
dase  in  the  juice  of  apples,  pears  and  plums.  Either  the 
same  cnzyine  or  a  similar  one  has  been  described  by  Lindct  as 
causing  oxidation  of  the  tauuin  in  the  cider-apple.  If  slices  of 
apple,  or  a  mass  of  the  pulp,  or  sterilised  sponges  soaked  in  the 
expressed  juice  are  placed  under  a  bell-jar  over  mercury,  the 
material  i-apidly  reddens,  and  there  is  a  simultaneous  absorption 
of  oxygen  aud  an  evolution  of  carbonic  dioxide.  The  phenomena 
are  the  same  if  the  juice  in  which  the  sterilised  sponges  are 
soaked  has  beea  filtered  through  porcelain,  or  if  antiseptics  are 
added,  so  that  it  is  evident  that  the  chango-s  are  not  due  to  the 
presence  of  micro-organisms.  If  boiled  juice  is  used,  it  remains 
uncoloured  and  there  is  no  exchange  of  the  gases  mentioned. 

The  juice  may  be  precipitate*!  by  alcohol  and  the  precipitate 
collected  and  washed  in  the  usual  way  and  it  is  then  found  to 
be  capable  of  setting  up  similar  changes  in  boiled  juice. 

It  is  of  course  a  common  experience  that  the  behaviour  of 
the  pulp  of  a  raw  apple  on  exposure  to  air  is  very  different  from 
that  of  a  cooked  one.  The  Utter  remains  uncoloured,  while  the 
surface  of  the  raw  pulp  soon  lurn^  a  reddish-brown,  particularly 
if  it  is  unripe. 

Lindet  holds  that  the  enzyme  attaches  itself  to  the  tannin, 
and  explains  the  change  of  colour  seen  on  wounding  the  fruit 
a.  p.  20 
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by  the  suggestion  that  in  the  intact  pulp,  the  tannin  and  the 
enzyme  are  8ituat<!d  in  different  cells,  being  brought  into  con- 
tact  in   consequence   of  the  wmind.    This   suggestion    seema      i 
however  unnecessary,  as  the  oxidases  hare  been  shown  to  wor^H 
upon  the  aromatic  bodies  they  attack  only  when  they  are  in  the      i 
presence  of  oxygen.    The  access  of  the  latter  is  only  possible 
when  the  surface  of  the  pulp  is  exposed. 


Otft&r  vegetable  oxidates. 

The  various  flavours  ancl  the  odours  which  constitute  the 
"bouquet"  of  different  wines  have  been  generally  associated 
with  peculiarities  of  the  fermentations  induced  by  the  different 
yeasts  employed.  Recently  Tolomei  has  brought  forward 
reiisona  for  thinking  that  some  of  them  may  be  due  to  definite 
oxidases  which  can  be  extracted  from  the  yeasts. 

He  Hrst  demonstrated  the  existence  of  oxidases  in  yeast  by 
cultivating  in  steriUsed  wine  must,  a  crop  of  Sacchartymyees 
ellipsoideujt  that  had  originally  developed  in  miiHoibel  grape 
juice.  After  a  few  daj-s  there  was  a  considerable  growth  of  the 
organism  and  he  separated  it  from  the  must  and  exposed  it  to 
the  air.  After  a  time  he  extracted  it  with  chloroform -water, 
and  found  that  the  liquid  then  contained  an  oxidase  which  gave 
Bertrand's  rtractions  for  laccase.  He  obtained  similar  results 
with  S.  cerevisiae,  and  S.  apicvlaine.  In  the  case  of  the  former, 
a  young  beer-yeast  was  suspended  in  a  solution  of  glucose,  and 
a  little  alcohol  was  added;  the  whole  was  then  kept  at  O^C.  for 
3  days,  and  was  finally  filtered  through  porcelain  to  free  it  from 
yeast-cells.  It  was  found  to  absorb  oxygen  from  the  air  and  to 
give  off  carbon  dioxide,  and  to  form  sulphuretted  hydrogen 
when  in  contact  with  sulphur.  If  heated  to  72"  C.  it  Io«t  all 
those  properties.  When  alcohol  was  added  to  the  liquor  a 
precipitate  fell  which  contained  the  oxidase,  and  when  a  little 
of  this  precipitate  was  added  to  some  of  the  original  liquor  that 
had  been  8t<?rilised  by  hcAt,  it  restored  to  it  the  properties 
which  had  been  lost  during  the  sterilisation.  1 

Tolomei  showed  further  that  the  bouquet  of  muscatel  wine 
was  caused  by  the  oxidase  of  S.  eUipaoidew.    He  extracted  s 
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of  the  enzyme  from  this  muscatel  ycost,  and  added  it  to  an 
ordinary  white  wine,  at  the  same  time  exposing  it  to  the  air. 
The  wine  acquired  a  muscatel  bouquet  which  it  did  not  pre- 
viously possess. 

Buchner  also  says  that  bcer-yeast  contains  an  oxidase,  to 
the  action  of  which  he  attributes  the  fact  that  an  extract  of 
this  fungus  turns  brown  after  a  prolonged  exposure  to  the  air. 

Effront  has  observed  a  considerable  aUsorption  of  oxygen 
by  yeast  when  it  was  finely  fragmented  and  subsequently 
exposed  to  the  air.  The  absorption  was  accompanied  by  a 
sensible  increase  of  temperature.  Effront  suggests  that  the 
phenomenon  is  due  to  the  action  of  an  oxidase. 

Br^ftudat  has  recently  found  an  oxidase  in  the  leaves  of 
Isatis  alpitux  and  other  indigo-yielding  plants.  As  already  men- 
tioned in  a  preceding  chapter  the  formation  of  indigo  involves 
the  decomposition  of  a  glucoside,  indican,  which  is  ctTected  by  a 
ferment  resembling  emulsin.  The  products  of  this  decora- 
poflition  are  indign-white  or  leucivdigo,  and  indifflitcin,  which  is 
a  sugar.  The  indigo-white  is  converted  into  indigoblue  by  an 
oxidase  which  is  pre»eat  in  the  loaves.  Brdaudut  says  that  it 
acts  most  advantageously  in  the  presence  of  a  we^k  alkali  such 
as  lime-water.     The  alkali  alone  does  not  produce  the  effect. 

Tolomci  has  found  an  oxidase  in  ripe  olives,  which  appears 
to  oxidise  the  oil,  giviug  rise  to  oleic,  acetic,  and  sebacic  acids. 
Bouffard  and  Semichon  state  that  purple  grapes  contain  an 
oxidase  which  in  the  presence  of  a  current  of  air  oxidises  and 
precipitates  the  colouring  matter,  so  that  white  wine  can  be 
prepared  from  the  juice.  Lepinois  hits  found  a  similar  body  in 
the  expressrd  juice  of  aconite  and  belladonna  which  destroys 
the  green  colouring  matter.  Boutroux  says  that  the  colour  of 
brown  bread  is  due  to  another  oxidase  which  is  in  the  bran. 


Anivial  oxidases. 

Oxidative  processes  have  long  been  known  to  take  place  in 
blood  when  shed  and  exposed  to  the  air.  Claud  Bernaml  first 
pointed  out  that  under  these  conditions  sugar  disappeared,  and 
his  results  have  been  confirmed  by  many  subsequent  observers. 
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Only  within  recent  years,  however,  has  it  been  suggested  thmt 
this  diaappearauce  of  augar  is  due  to  the  action  of  aii  enzyme^ 
but  this  view  is  now  put  forward  by  several  observers. 

Lepiue  and  Barral  in  1890.  in  the  course  of  an  ioventi^t^l 
into  the  changes  taking  place  in  sugar  in  the  blood,  found  ihm 
glycolysis  could  be  detected  afier  blood  had  been  shed,  and  t. 
It  was  more  rapid  in  proportion  as  the  temperature 
raised  till  it  reached  5+^  C,  at  which  point  it  suddenly  stop; 
The  physical  condition  of  the  fluid  was  not  appreciably  different 
at  this  point  from  what  it  was  at  52°  C.  when  glycolysis  was 
verj"^  evident  Lepine  and  Barral  found  further  that  the  blood 
drawn  from  the  portal  vein  lost  more  sugar  than  that  tiiken 
from  th(t  splenic  vein  under  identical  conditions. 

Arthus  showed  a  little  later  that  the  presence  of  actualfl 
living  elements  in  the  blood  were  not  esRenttal  to  the  procealt 
He  collected  blood  aseptically  into  sterilised  vesaeis   and   de- 
fibrinatod  it     Maintaining  it  then  at  10"  C.  for  several  days, 
with   antiseptic   precautions,  it  continued  to  lose  sugar, 
other   experiments,  he   showed  that  glycolysis  took  place 
serum,  in  oxalated  plasma  free  from  corpuscles,  and  in  blood 
diluted  with  several  volumes  of  water.     He  found  that  freshly- 
drawn  bloixl  showed  comparatively  little  glycolytic  power,  bi 
that  it  was  developed  on  standing  for  some  time. 

These  experiments  are  strikingly  suggestive  of  the  presem 
of  an  oxidase  ;  the  process  shows  a  minimum  point  of  octivi 
at  0°  C,  an  optimum  at  40° — SO**  C,  and  a  rmixiinum  one 
54'*  C.     Its  gradual  development  is  remarkably  like  that  of  the 
formatiou  of  the  pancreatic  digestive  ferment's. 

Tbe   action    was   also   examined  with    sifune   completeness 
in  IHD'Z  by  Seogen,  who  found  that  the  disappearaucc  of  the 
augar  was  not  influenced  by  the  presence  of  chIor<jfurm. 
reagent  prevents  the  action  of  living  ceils  and  micro- organis; 
but  does  not  inhibit  the  work  of  enzymes.     Seegen  found  ihi 
the  exclusion  of  bacteria  by  other  means  did  not  prevent  i 
glycolysis,  and  argued  consequently  iu  favour  of  tbe  pi 
of  a  sugar-destroying   enzyme.     He   demonstrated   the 
influence  of  t'eHi{)eratur«  as  had  been  found  by  Lepine  a 
Barral  and  by  Arthus. 
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Both  Seegen  and  ArthuH  suggested  that  the  enzyme  was 
formed  in  consequence  of  post  mortem  changes  taking  place  in 
the  blood.  Arthur  held  the  source  to  be  the  white  corpuscles 
or  leucocytes.  Lepine  and  Barral  found  they  could  extract  it 
from  the  corpuscles  in  greater  quantity  than  from  the  serum. 

Further  experiments  made  by  many  ob-servei-s  have  shown 
that  the  power  of  destroying  sugar  is  not  confined  to  the  blood. 
Lepine  found  that  the  removal  of  the  pancreas  of  the  dog  was 
followed  by  an  intense  diabetes,  the  ratio  of  sugar  to  urea  in 
the  urine  increasing  enormuusly.  He  at  once  associated  the 
pancreas  with  the  secretion  of  an  oxidase.  In  its  absence,  sugar, 
which  would  in  the  general  course  of  events  be  destroyed  in 
the  blood,  passed  out  of  the  sj'stem  in  the  urine.  This  view 
was  supported  by  the  observation  already  quoted,  that  the 
destruction  of  sugar  in  the  portal  vein  is  much  greater  than 
in  the  splenic.  Lepine  found  further  that  the  chyle,  which 
must  receive  some  of  the  pancreatic  secretion  through  the 
intestinal  wall,  also  contained  the  glycoljrtic  property.  The 
injection  of  chyle  into  the  jugular  vein  of  an  animal  caused  a 
marked  reduction  in  the  sugar  in  the  living  blood.  The  addition 
of  chyle  to  a  1  per  cent,  solution  of  glucose  kept  in  mtro  at 
38°  C.  cau.sed  u  decided  reduction  of  the  amount  of  the  sugar. 

Lepine  and  Barral  in  a  subsequent  paper  stated  that,  in 
the  cases  of  both  blood  and  chyle,  the  glycolytic  power  was 
increased  by  a  rise  of  temperature  and  impeded  by  the  presence 
of  carbon  dioxide. 

Lepine  subsequently  carried  out  a  series  of  researcheij  on 

.  pucreas  of  the  dog,  which  confirmed  Iiis  view  that  the 
^SBOntion  of  a  glycoljiiic  oxidase  is  one  of  the  fimctions  of  that 
oi^gan.  He  ground  up  the  pancreas,  with  aseptic  precautions, 
immediately  after  its  removal  from  the  bixly,  and  macerated  it 
for  two  to  three  hours  at  38*  C.  iu  water  containing  -2  per  cent. 
of  a  roiucral  acid,  and  then  neutralised  the  extract  with  sodium 
hydrate.  To  100  c.c.  of  the  resulting  liquid  he  added  half  a 
gramme  ol  glucose  and  digested  it  for  an  hour  at  38*'  C.  In  a 
series  of  such  experiments  he  found  there  was  a  disappearance 
of  sugar,  ranging  from  10  to  50  per  cent.  A  fresh  pancreas 
similarly  extracted  with  water  instead  of  dilute  acid,  yielded  an 
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(extract  with  ver}'  little  glycolytic  power.  Lepine  inferred  that 
a  glycolytic  enzyme  could  be  prepared  ("rrtin  the  tissue  he  wsed. 
just  as  similar  treatment  jields  trypsin  from  the  same  gland. 

He  supported  his  h^'pothesis  still  further  hy  an  experiment 
in  which  he  compared  the  glycolytic  power  of  the  blood  leaving 
the  paucreas  during  active  secretion  with  that  pos^ssed  by 
it  when  the  gland  was  at  rest.  He  found  that  during  the 
secretion  caused  by  stimulation  i>f  the  vagus,  blood  drawn  from 
the  pancreatic  vein  possessefl  little  glycolytic  power,  but  that  the 
latter  became  considerable  in  thf  blotjd  from  the  same  vein  during 
the  hours  immediately  following  the  cessation  of  the  secretion. 

The  work  of  Abelotis  and  Biam^s.  carried  out  in  189*,  has 
advanced  our  knowledge  of  this  enz)'me  still  further.  These 
investigators  examined  the  action  of  the  blood  on  salicyl- 
aldehyde.  This  b<xly  was  not  oxidised  to  salicylic  acid  by  the 
air,  nor  by  distilled  water,  nor  by  normal  saline  solution  (a 
solution  of  sodium  chIori<lc  containing  G  per  cent,  of  the  salt). 
But  when  defibrinated  blood,  or  blood-senim  was  added  to  the 
aldehyde  and  the  mixture  kept  at  a  temperature  of  37*  C. 
salicylic  acid  was  formed.  The  oxidation  was  found  to  vary 
in  amount  with  the  blood  of  different  animals. 

Abeluus  and  Biarnes,  following  up  Lepine's  work  ou  the 
pancrea.%  looked  for  the  presence  of  glycolytic  power  in  other 
tissues.  They  found  that  it  was  manifested  also  by  the  testes, 
the  ihyioid  glands,  the  liver,  kidney,  lungs,  and  spleen. 

Spitzer  has  still  more  recently  confirmed  the  statements  of 
previous  observen^,  but  he  originally  opposed  the  view  that  the 
oxidation  is  (hie  to  the  action  of  an  enzyme,  aimparing  it  pre- 
ferably with  the  oxidation  produced  by  hydregen-peroxide  and 
other  oxidising  agents. 

In  a  paper  which  appeared  in  1897  he  published  the 
result  of  some  researches  ou  the  oxidative  powers  of  various 
tissues,  estimating  their  capabilities  by  measuring  the  quantity 
of  oxygen  they  could  liberate  from  hydrogen-peroxide.  In 
some  cases  he  also  ascertaiued  ibu  quantity  of  salieyl -aldehyde 
which  they  could  convert  into  salicylic  acid.  He  found  the 
tissues  could  be  arranged  iu  this  respect  in  an  order  ditferiug 
but  little  £i*om  that  published  by  Abelous  and  Biarnes. 
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SpiUer  made  a  very  important  advance  by  ascertaining  tliat 
these  different  tiasncs  owed  their  oxidising  powers  to  nucleo- 
proteid  fiubatances  which  they  contained.  He  was  able  to 
prepare  nucleo-proteids  from  every  tissue  which  he  found  capable 
of  inducing  glycolysis,  and  he  ascertained  that  the  oxidative 
euergy  of  a  tissue  was  proportional  to  the  amount  of  uuclco- 
proteid  which  it  gave  up  to  an  appropriate  solvent.  He  found 
further  that  these  compounds  showed  the  same  peculiar  relation 
to  temperature  as  the  original  organs  exhibited,  and  that  they 
were  affected  in  precisely  the  same  way  by  vaiious  antiseptics 
and  poisons. 

Seegen  attributes  the  glycolytic  power  of  the  blood  to  a 
similar  substance. 

Jaquet,  and  Salkowski  and  Katsusaburo  Yamagiwa  have 
confirmed  the  reaiilttf  of  the  inveatigatoi-s  quoted  and  have 
concluded  from  iheir  own  researches  that  the  action  is  due  to  a 
soluble  enzyme  which  is  destroyed  by  boiling  and  by  prolonged 
oontact  with  alcohol. 

Hamwarsteu  has  stated  that  the  gastric  mucous  membrane 
contains  another  enzyme  belonging  to  this  group.  It  has  the 
property  of  converting  lactose  (milk-sugar)  into  lactic  acid. 

Another  oxidase  has  recently  been  described  by  Pidri  and 
Portier  as  existing  in  the  gills,  labial  palps,  and  blood  of  several 
of  the  acephalous  molluscs,  particularly  Artemis  eicoleUit  Mya 
aremiria.  Tabes  puUastra,  Ostrea  ediUis,  and  Pecten  jacabwua^ 
besides  one  or  two  other  species.  It  has  laauy  points  of 
resemblance  to  laccase,  especially  with  regard  to  its  action  on 
hydroffuinone.  The  authors  say  that  if  one  of  the  gills  or  a 
piece  of  one  of  the  labial  palp.s  of  any  of  these  molluscs  is 
warmed  to  50° — 60°  C.  in  a  solution  of  hydroquinone  of  1  per 
cent,  concentration,  the  odour  of  quinone  is  .suon  evolved,  and  if 
the  liquid  is  subsequently  concentrated  by  evaporation,  crystals 
of  quinhydronc  are  deposited  over  the  surface  of  the  tissue. 

The  oxidase  can  be  extracted  from  the  gills  or  the  labial 
palps  of  the  animals  by  chloroform -water,  or  by  solutions  of 
sodium  fluoride  or  of  salicylic  acid,  and  can  be  precipitated  from 
its  solvents  by  excess  of  alcohol.  It  is  active  in  either  neutral  or 
fiuntl)!  acid  media.     Like  laccase  it  does  not  decompose  tyrosio. 
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Alcoholic  fermentation  is  the  one  which  has  been  Joogest 
kno^vn  and  most  closely  studied.  In  an  earlier  chapter  we 
have  briefly  summarised  the  steps  by  which  our  present  know- 
ledge of  it  hna  been  obtained,  and  we  have  seen  how  closely  it 
has  been  associated  during  the  present  century  with  the  varioiLs 
problems  presented  by  the  biology  of  yeast. 

The  first  observations  upon  its  true  nature  were  thoee  naarie 
by  Becher  in  1682,  in  the  course  of  which  he  ascertained  the 
fundamental  facts  that  it  was  only  possible  in  saccharine  fluids, 
and  that  the  alcohol  proceeded  from  a  decomposition  of  some 
constituent  present  in  them- 

More  than  a  hundred  years  passed  before  any  very  im- 
portant addition  was  made  to  our  knowledge  of  the  chemical 
changes  involved  in  the  process. 

The  researches  of  Lavoisier  mark  a  definite  cporh  in  tho 
gradual  advance  of  our  information,  for  they  fi^8^  showed 
the  relation  existing  between  the  sugar  and  the  products 
found  after  the  fermentation  of  the  latter  had  taken  place. 
Lavoisier  was  the  first  observer  who  studied  the  pi*oces8  quanti* 
tativcly,  and  ujiplied  new  methods  of  analysis  iu  his  research. 
By  determining  the  percentages  of  carbon,  hydrogen,  and  oxygen 
in  the  sugar,  and  in  the  products  resulting  from  the  fermen- 
tation, ho  arrived  at  the  conclusion  that  the  operation  consisted 
of  the  separation  of  the  sugar  into  two  parts,  one  of  which 
became  oxygenated  at  the  expense  of  the  other  to  form  carbon 
dioxide,  while  the  second  became  converted  into  alcohol  after 
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parting  with  a  portion  of  its  oxygen.  He  said  further  that  if  it 
were  possible  to  recombine  these  two  substances,  alcohol  and 
carbon  dioxide,  sugar  would  again  be  formed. 

Though  the  methods  of  analysis  used  by  Lavoisier  were 
imperfect  and  his  figures  were  inaccurate  in  consequence,  we 
know  that  his  general  conclusions  were  sound.  About  the 
year  1815  analyses  by  Gay-Lussac,  Th^nard  and  de  Saussure 
fixed  definitely  the  composition  of  sugar  and  alcohol.  Theao 
more  accurate  analyses  confirmed  Lavoisier's  position,  bub  re- 
vealed a  discrepancy  which  for  a  long  time  remainecJ  unexplained. 
Computation  of  the  composition  of  cane-sugar  based  upon  the 
weights  of  carbon  dioxide  and  alcohol  formed  during  its  fermen- 
tation, pointed  to  its  having  the  formula  CHuOa  (taking  the 
modem  values  of  the  atomic  weights)  the  decomposition  being 
capable  of  expression  by  the  equatiou 

C,H.«Oo  =  2C,H,0  +  2CO,. 

The  analyses  made  by  Gay-Lussac  and  Th^nard  of  cane-sugar 
itself,  demanded  the  formula  C,vHa^ii-  These  authors  were 
unable  to  account  for  the  diffcrepancy  except  on  the  assumption 
that  the  analyses  of  the  sugoi-  were  not  quite  accurate.  Dumas 
and  BouUay  suggested  as  a  more  probable  explanation,  that 
the  fermentation  was  accooipauicd  by  the  absorption  of  water 
before  or  at  the  same  time  as  the  splitting  of  the  sugar.  Thus 
the  equation  representing  the  reaction  would  become 
C,HaO„  -h  H,0  =  4C,H,0  +  tCO, . 

Very  shortly  afterwards  the  discovery  was  made  by  Dubrun- 
faut  that  before  cane-sugar  could  ferment  it  became  transformed 
into  another  sugar  that  was  not  crystallisable,  and  Biot  showed 
that  under  the  action  of  weak  acids  it  became  decomposed  into 
two  other  sugars,  now  known  as  glucose  and  fructose. 

Berthelot  was  the  first  to  Hhuw  that  besides  inorganio 
reagents  an  enzyme  possesses  the  power  of  bringing  about  this 
transformation  and  that  the  living  yeast-cell  forms  this  enzyme, 
already  described  in  a  preceding  chapter  nnder  the  name  of 
invertase. 

The  fermentation  of  cane-sugar  has  thus  been  proved  to 
take   place   in   two  stages;    in   the   first  it  is  split  up  with 
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hydrolysiH  into  the  two  hexosea  glucoue  and  &uct06e,  according 
to   the  equation  CuHmO,,  +  II^O  =  C^HuO,  +  C«HuO, ;    in   tbe 
second   both   of  these   are   decomposed,  fonniug   alcohol    and^y 
carbon  dioxide  sl»  suggested  by  Gay-Lussoc.  ^M 

Another  fact  came  to  light  sometime  after  the  publication  ^^ 
of  the  results  of  Dumas,  Dubrunfaut,  luid  Biot,  the  .sig'aificance 
of  which  for  some  time  met  with  but  slight  recognition.     In 
1847  Schmidt  of  Dorpat  found  tbe  presence  of  succinic  acid  in  ^t 
small  amount  in  fermenting  linuids.     It  remMnfMl  however  for  ^^ 
Pasteur  to  cumplete  the  discovery  of  which  this  fact  was  part. 
To  his  careful  researches  we  are  indebted  for  our  knowledge  fl 
that  from  4  to  5  per  cent,  of  the  cane-sugai-  used  in  a  fermen- 
tation does  not  undergo  the  ordinary  decomposition,  but  splits  ^\ 
up  into  glycerine,  succinic  acid  and  carbon  dioxide.  ^M 

Pasteur  has  sugge-sted  the  following  equation  aa  representing 
the  change. 

98C,H,A  +  60H,O  ^  24CAO,  +  14*C,H,0,  +  60CO, 
Buocmio  acid       glj^oerine. 

Monoyer  haa  represented   tbe  reaction   rather  differently 
thus: — 

8C.H„0.  +  6H,0  =  2aHA  +  ISC.HsO,  +  iCO,  +0, 

According  to  this  hypothesis  the  change  is  associated  with 
the  liberation  of  a  small  quantity  of  oxygen,  a  fact  tbe  im- 
portance of  which  will  appear  later. 

Bechauip  and  later  Duclau.K  have  found  that  acetic  acid 
also  is  formed  in  small  quantities  during  alcoholic  fermentation. 
Duclaux  states  that  its  presence  is  constant,  but  that  the 
amount  never  exceeds  '05  per  cent,  of  the  weight  of  sugar,  if 
the  fermentation  is  stopped  aa  soon  as  alt  the  latter  has  been 
decomposed.  Bechamp  say.s  that  under  appropriate  conditions 
this  quantity  can  be  largely  exceeded. 

Other  observers  have  noticed  variable  but  always  minute 
quantities  of  aldehyde  as  accompaniments  of  fermentation. 

The  ordinary  alcohol  produced  is  often  ibuud  to  be  mixed 
with  higher  alcohols,  propylic,  isobutylic,  amylic,  caproic,  ccnan- 
thylic,  and  caprylic  all  having  been  identified,  amylic  alcohol 
sometimes  occurring  in  some  quantity. 
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The  amouDts  of  uU  tlirso  less  proiniuent  cnnstituents  8eem 
to  vary  a  good  deal  under  different  conditions  of  fermentation. 
More  succinic  acid  is  produced  when  the  operation  is  slow 
than  when  it  is  rapid.  The  different  kinds  of  yeast  show 
considerable  differences  among  themselves  with  regard  to  these 
various  products.  Indeed  the  latter  seem  to  be  more  closely 
related  to  the  biological  work  of  the  cells  than  the  ethylio 
alcohol,  the  appearance  of  which  is  the  most  conspicuous  feature 
of  the  procej-s.  The  reSation  of  the  alcohol  to  the  ordinary 
metabolism  still  remains  a  subject  of  discussion. 

We  have  seen  that  for  a  long  time  alcoholic  fermentation 
was  osHociated  only  with  cane-sugar.  Much  light  has  boun 
thrown  upon  the  compasition  of  various  sugars  in  recent  years, 
especially  by  the  researches  of  Emil  Fischer.  Without  entering 
into  details,  which  would  be  beyond  the  scope  of  the  present 
work,  we  may  divide  the  sugars  that  are  of  general  occurrence 
into  two  main  groups,  the  simplest  of  which  have  the  empirical 
formula  C«H„Ob,  the  value  of  »  in  those  known  up  bo  the 
present  ranging  from  2  to  9.  The  members  of  the  other  group 
are  more  complex,  being  theoretically  composed  by  the  com- 
bination of  cither  2  or  3  molecules  of  a  hpxose  with  elimimition 
of  one  or  two  molecules  of  water.  Thus  we  have  canc-sugai- 
C,BHa,0,i  corresponding  to  2(C,H„0,)  —  H,0,  and  rafiBnose, 
C,»H:^0„  represented  by  3(CsH,A)  -  2H,0.  This  group  is 
generally  known  as  thu  polf/naccfiarides. 

The  sugars  which  are  ferrnentable  appear  to  belong  entirety 
to  the  first  group  and  to  be  represented  especially  by  the  hexoses 
C«HuOa.  Some  of  the  others  are  however  capable  of  ferment- 
ation, but  only  those  in  which  the  value  of  n  is  divisible  by  3. 

Certain  of  the  polysaccharides  appear  at  first  sight  to  be 
fermentable,  pai'ticularly  caue-sugai*  and  maltose.  It  has  been 
found  however  by  Fischer  that  they  are  not  directly  attacked 
by  the  alcohol -producing  principle,  but  undergo  a  preliminary 
hydrolysis  with  the  consequent  formation  of  hexoscs.  We  have 
seen  that  this  fact  wa»  estabtiMhed  for  cane-sugar  by  Dubrunfaut 
and  later  by  Berthelot.  This  sugar  by  the  action  of  invertoBe 
yields  glucose  and  fructose.  Similarly  each  molecule  of  maltose 
is  couvcirted  by  hydrolysis  into  two  molecules  of  glucose;  lactose 
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or  milk-sngar  is  resolved  into  glucose  and  gnliictose.    The  other 
polysaccharides  behave  similarly. 

The  different  hexoses  also  show  greater  or  leas  facility  of 
conversion  into  alcohol  and  carbon  dioxide.  Glucose  is  most, 
readily  attacked,  fructose  less  eo,  and  galactose  undergoes 
fermentation  only  with  great  difficulty. 

The  progress  of  a  fermentation  has  been  found  to  depend 
also,  and  in  very  large  mt^asure,  on  the  species  of  yeatit  which  i* 
employed.  A  great  development  of  our  knowledge  in  this 
direction  has  been  made  during  the  last  twenty  yeare,  which 
has  been  due  very  largely  to  the  labours  of  Hansen. 

It  is  difficult  to  overestimate  the  importance  of  his  re- 
searches into  the  biology  of  yeast.  Indeed  it  may  be  said  that 
since  Pasteur  no  one  has  done  so  much  to  elucidate  the 
problems  of  alcoholic  fermentation.  Hansen  was  one  of  the 
pioneers  who  elaborated  exact  methods  for  the  cultivation  of 
micro-organisms  in  a  state  of  purity  or  isolation.  By  the 
methods  which  he  adopted  he  mode  it  clear  that  the  Snccharo- 
mycctes  really  form  a  separate  and  distinct  group  of  alcohol- 
producing  fungi,  and  he  brought  out  new  points  of  view  with 
regaixl  to  species  and  races.  It  is  not  in  the  province  of  this 
work  to  discuss  his  results  in  detail,  as  thoy  turn  more  on  the 
biological  pecnliarities  of  the  yeast-plant  than  on  the  wider 
question  of  the  chemical  and  physicjil  peculiarities  of  the 
changes  which  it  induces.  As  an  illustration  of  the  scope  of  bis 
researches  we  may  however  mention  the  investigations  he  made 
upon  the  conditions  of  the  formation  of  spores  and  films,  and 
upon  the  morpholog}*  of  these  developtnentnl  stnictures  and 
their  course  of  life,  taking  especially  the  yeast  known  as 
Saccharomi/ces  apiculatas  as  a  representative  of  the  group. 
His  experiments  upon  the  alterations  induced  by  differences  of 
conditions  of  life,  such  as  exposure  to  the  cold  of  winter,  and 
upon  variations  following  such  primary  alteration,  have  thro\vu 
a  flood  of  light  upon  this  section  of  the  subject 

Hansen's  researches  have  had  even  greater  effect  on  the 
industrial  methods  of  brewing  arid  of  the  manniacture  of  wine. 
It  is  hardly  too  much  to  say  that  he  and  his  pupils  have  almost 
revolutionised  the  methods  in  use. 
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Hansen's  work  has  not  however  been  all  that  hiLS  been 
carried  out  in  this  field  of  research.  Other  investigators  have 
described  other  species,  while  other  fungi  than  )reasts,  especially 
species  of  Mucor,  have  been  found  capable  of  setting  up  fermen- 
tation. A  copious  literature  has  sprung  up  on  the  subject, 
which  canuot  huwever  be  considered  here  in  any  detail. 

The  course  of  action  on  mixtures  of  fermentable  sugars  in 
the  presence  of  ditTereut  yeasts  is  often  very  different.  MoHt  of 
the  latter  contain  hydroiytie  enzymes  which  effect  the  hydrolysis 
of  the  polysaccharides  cane-sugar  and  maltose.  If  either  of 
these  inverting  enzymes  is  not  present,  however,  the  yeast 
canuot  ferment  the  currespondiog  sugar.  The  yeasts  for  ex- 
ample which  do  not  form  iuverbase  have  no  action  on  cone- 
sugar.  Hanisen's  six  true  species  of  iSaccharomyceaall  hydrolyse 
both  cane-sugar  and  maltose,  and  subsequently  cause  their 
products  to  undergo  alcoholic  fcnncnCatiou.  S.  Mancianus 
differs  in  not  attackiug  uialtuse,  while  8.  mentbranoBfaciens  dues 
not  ferment  either  of  them.  Other  organisms  have  similar 
idios>ucracies. 

As  the  feriiieiitdtiun  uf  sugtirs  by  yea^t  is  thus  .seen  to  be  u 
function  of  the  living  cell,  everything  that  affects  the  life  of 
the  tatter  has  a  certain  iutlueuce  on  its  fermentative  power. 
Substances  which  serve  as  food  for  the  yeast  promote  fermen- 
tation; acids  and  bases  are  deleterious  to  the  cell,  their 
influence  being  the  more  maiked  as  their  concentration  is 
increased  The  proportion  of  acids  which  are  effective  in  this 
direction  have  been  given  differently  by  various  observers^ 
Uayduck  found  that  ■!  7o  of  sulphuric  acid  reduced  the  energy 
of  fermentation,  while  7  "/»  inhibited  it  altogether.  Hydro- 
chloric acid  was  fuuud  to  be  less  deleterious,  but  fermentation 
was  unfavourably  iutlucnced  by  2"/*.  The  development  of  the 
yeast-phiut  was  promoted  by  *02  "/n  of  sulphuric  acid  or  by 
*1 — 6V»  of  lactic  acid,  but  unfavourably  inHuenced  by  'OT'/o  of 
the  foituer  or  1"5%  of  tihe  latter.  In  the  presence  of  ■2*/«  of 
sulphuric  acid  or  4  "/a  of  lactic  acid  the  yeast-cells  did  not 
undergo  multiplicatiun.  Bokoniy  found  the  influence  of  sul* 
phuric  acid  was  deleterious,  and  fernientivtion  v/as  impeded 
when  as  little  as  one  part  in  2OOU0  was  present,  while  four 
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times  that  amount  stopped  it  entirely.  The  VTiter  found  that 
the  devolopmeDt  of  the  yeast-plant  was  markedly  impeded  by 
the  presence  of   S'/o  ^^  lactic  acid. 

Among  deleteriuus  budieB  Bokoriiy  mentions  corrosive  sub- 
limate, potEiasic  permanganate,  free  chlorine,  and  iodine.  Pho»- 
phorus  also  ixii^:iedes  fermentation.  Bokoruy  prepai^'d  a  culture 
medium  containing  one  part  of  it  in  20000,  besides  cane-sugar 
and  mineral  salts.  A  feeble  fermentation  vfas  excited  in  this 
liquid  6  hours  after  the  addition  of  yeast. 

Bromine  is  less  harmful  than  chloride  or  iodine.  One  part  in 
lOOOO  parts  of  a  fermenting  solution  does  not  cause  inhibition  ;| 
solutions  of  potassic  chlorate  or  potassic  iodate  of  1  per  cent, 
concentration  are  also  without  deterrent  effect  Very  dilute 
solutions  of  potassic  cyanide  or  strj'chnine  nitrate  (I  :  -50000) 
do  not  cause  complete  inhibition,  nor  does  quinine  acetate  in  a 
concentration  of  *1  per  cent. 

Other  carbohydrates  than  sugaro  have  been  stated  by 
various  writers  to  be  capable  of  undei-going  alcoholic  fermen- 
tation. L4ivy  has  produced  alcohol  by  fermenting  artichoke 
tubers  with  yeast ;  Buchner  has  showu  that  the  glycogen  of  the 
yeast  can  give  rise  to  alcohol. 

Pasteur  fouud  that  when  a  considerable  quantity  of  yeast 
wa-s  allowed  to  act  upon  a  very  small  amount  of  sugar  the 
ferueutation  proceeded  for  .some  time  after  the  sugar  had  all 
disappeared.  The  later  stages  of  the  process  were  marked 
consequently  by  the  fermentation  of  other  carbohydrates  which 
the  yeast  contained.  He  showed  this  to  be  the  caae  by  ex- 
amining the  liquid  for  sugar  as  the  fermentatiim  proceeded. 
Eventually  three  times  as  much  carbon  dioxide  was  evolved  as 
could  have  resulted  from  the  sugar  employed.  The  alcohol 
formed  corresponded  in  amount  to  the  volume  of  the  carbon 
dioxide. 

Pasteur  showed  further  that  when  fresh  yeaat  was  mixed  with 
water  and  kept  for  a  time  at  25"  C,  carbon  dioxide  was  very 
soon  evolved  and  on  distillation  of  the  liquid  after  a  not  very 
pmlonged  exposure,  alcohol  was  found  t*>  be  present.  Under  the 
conditions  of  the  experiment  this  must  have  proceeded  from  the 
fermentation  of  the  other  carbohydrates  of  the  yeast  employed. 
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Those  experiments  are  found  iiyHJii  examination  however  to 
be  strictly  comparable  to  those  in  which  the  polysaccharides 
take  part.  The  material  is  not  directly  fermentable,  but  gives 
rise  first  to  stigars  of  the  hexose  type.  The  carbohydrate  which 
the  artichoke  tuber  contains  in  greatest  amount  is  inulin,  and 
we  have  seen  in  a  preceding  chapter  that  the  zymogen  of  inula.so 
is  abo  present  in  its  cells.  Inulase  is  produced  from  the  latter 
and  converts  the  inulin  into  fructose,  which  i»  easily  fermentable 
by  the  yeast  employed.  The  method  adopted  in  practice  is  to 
treat  the  washed  and  sliced  tubers  with  4  times  their  weight  of 
water  containing  '2  per  cent,  of  potae-siiim  bitartrate.  The 
liquid  is  allowed  to  stand  for  four  or  five  hours  at  a  temperature 
of  about  16°  C.  and  is  then  decanted  off,  and  the  extraction 
repeated  with  a  fiirther  quantity  of  the  same  solution.  The 
resulting  extract,  containing  the  fructose  resulting  firora  the 
hydrolysis  of  the  inuHn,  has  a  specific  gravity  of  about  1030.  It 
is  sterilised  by  heating  it  to  the  boiling  point  three  times  on 
successive  days  and  the  yeast  is  then  added,  after  which  fer- 
mentation proceeds  rapidly.  The  latter  process  is  conducted  at 
a  temperature  of  20 — ^5"  C.  and  is  continued  for  3  days,  the 
alcohol  being  subsequently  sepaiuted  by  distillation.  The  inulin 
is  converted  into  fructo.sc  during  the  preliminary  extraction  with 
the  dilute  solution  of  potassium  bitartrate.  Similarly  in 
Pasteur's  experiments  there  can  be  no  doubt  the  fermentation 
supervened  upon  a  preliminary  hydrolysis. 

The  fermentation  of  milk-sugar  or  lactose  underlies  the 
production  of  the  beverages  known  as  Koumiss  and  Kephir, 
which  are  manufactured  and  used  largely  in  Russia  and  in 
central  Asia  Lactose  is  a  polysaccharide  having  the  same 
empirical  formula  as  caue-sugar  and  like  it  is  decomposed  by 
an  enzyme  of  the  same  t}'pe  as  invertase,  as  has  already  been 
mentioned.  The  products  of  its  hydrolysis  are  glucose  and 
galactose,  both  of  which  can  give  rise  to  alcohol  though  the 
last  named  is  only  fermentable  with  difficulty. 

Koumitts  is  chiefly  prepared  in  the  steppes  of  South  Western 
Siberia  and  the  countries  adJoiniDg.  The  milk  used  in  its 
manufactui*e  is  yielded  by  mares,  and  there  are  variations  in  its 
mode  of  preparation  in  different  parts.     It  is  apparently  due  to 
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the  action  of  several  organisma,  one  of  which  is  a  yeast,  while 
others  are  lactic-acid-pruduciug  Imcteria.  The  organisms  are 
not  isolated  for  the  purpose  of  the  ffrmentation,  but  a  certain 
quantity  of  old  koumias  is  mixed  with  the  fresh  milk,  usually 
one  part  of  the  former  to  ten  parts  of  the  latter.  The  fermen- 
tation is  conducted  in  small  casks  or  vats  which  are  titUnl  with 
a  stirring  apparatus.  It  is  found  advisable  to  employ  the  lAtter 
for  about  o  minutes  at  the  commence menl  of  tite  operation  80 
that  the  whole  mass  of  liquid  may  be  well  aerated.  When  the 
fermentation  is  nearly  Hnished  the  liquid  is  transfen-ed  to 
strong  bottles  which  are  closely  corked  and  the  corks  wired 
tightly  down.  The  continuation  of  the  fermentation  makes 
the  koumiss  an  effervescent  beverage.  The  change  which  takes 
ptaci;  in  the  milk  is  the  production  of  alcohol,  carbon  dioxide, 
and  lactic  acid  at  the  expense  of  the  milk-sugar.  The  latter 
exists  in  the  milk  to  the  extent  of  o5  per  cunt.  In  the  koumiss 
there  ia  usually  about  1*3  per  cent,  of  sugar,  16  percent,  of 
alcohol,  and  nearly  1  per  cent-,  of  both  lactic  acid  and  carbon* 
dioxide. 

There  ap[)Ofu^  to  be  a  slight  dimtjiution  in  the  proteids  of 
the  milk,  amounting  to  about  *1  per  cent.,  but  the  nature  of 
the  changes  they  undergo  has  not  been  ascertained.  There  is 
reason  to  think  the  casein  is  converted  into  acid-albumin  and 
peptone,  as  it  does  not  curdle  under  the  influence  of  the  lactic 
acid  as  normal  milk  would  do.  The  agent  effecting  this  is 
probably  a  proteolytic  ferment,  such  as  we  have  seen  to  be 
secreted  by  both  yeast  aud  bacteria. 

Kophir  is  another  effervescent  beverage,  prepared  from  cow's 
milk,  aud  very  much  tised  in  the  mountains  of  the  Caucasus.  The 
nature  of  the  organism  employed  in  the  fermentation  is  not  well  ^t 
known,  but  it  appears  to  consist  of  a  yeast  which  is  associated 
.symbiotiaiUy  ^vith  one  or  more  bacteria.  It  exists  in  the 
form  of  gelatinous  lumps  which  are  mainly  composed  of  a  modi- 
fication of  cellulose,  probably  forming  the  sheaths  or  zooglcea  of 
the  bacteria,  and  which  eutangle  the  yeast  mechanically.  The 
method  of  preparation  of  the  kephir  is  much  the  same  as  that 
of  koumiss.  The  milk  is  kept  at  a  temperature  of  IS — 19*0, 
and  a  quantity  of  the  organism  is  added  to  it  in  the  fermenting 
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vat,  and  the  liquid  kept  in  agitation.  The  fermentation  is 
usually  well  arlvancecl  in  about  24  hours,  when  the  liquid  is 
bottled  and  the  fenueiitatioD  completed  in  the  bottles. 

The  products  of  the  kephir  fermentation  differ  somewhat 
fi-om  those  of  kounnss.  The  sugar  of  the  milk  falls  from  4  to 
about  2  per  cent.;  the  fatty  matters  are  diminished  in  about 
the  same  proportion,  and  the  proteids  are  reduced  to  about 
three-foui-ths  of  their  original  quantity.  The  alcohol  generally 
reaches  a  concentration  of  nearly  one  per  cent.,  and  the  lactic 
acid  is  formed  in  slightly  larger  amount,  the  ratio  between 
them  being  8 :  9.  Kutimiss  we  have  seen  contains  aensibly  less 
lactic  acid  than  alcohol.  The  proteids  do  not  ftpi>enr  to  be 
peptonise<l  by  the  kephir  organism,  though  some  change  takes 
place  in  the  casein  in  consequence  of  which  it  is  very  incom- 
pletely precipitated  by  the  lactic  acid. 

In  both  these  processes  we  have  almost  certainly  to  recognize 
two  different  fermentations  proceeding  side  by  side,  the  one 
dne  to  the  yeast,  and  resulting  in  the  formation  of  the  alcohol ; 
the  other  due  to  the  bacteria,  and  giving  rise  to  the  lactic 
acid. 

A  third  instance  of  an  alcoholic  fermentation  combined 
with  other  chemical  changes  is  afforded  by  the  curious  or- 
ganism which  is  used  in  many  rural  districts  of  England  for 
the  manufacture  of  an  uffervescent  beverage  known  as  yinger- 
beer.  In  several  respects  it  pre.«ents  many  resemblances  to 
the  kephir  of  the  Caucasus.  Though  it  hjis  been  in  use  for 
many  years  it  was  only  in  1887  that  attention  was  called  to 
its  peculiar  composition.  A  complete  investigation  int^i  the 
natnre  of  the  organisms  composing  it  was  carried  out  by 
Marshall  Ward  in  1891. 

The  ginger-beer  plant  resembles  the  kephir  organism  in  its 
outward  appearance,  beiug  fuuud  in  white  semi-translucent 
masses  of  irregular  shape  and  almost  gelatinous  consistency. 
In  size   they  vary  from  the  dimensions  of  a  pin's  head  to  a 

L diameter  of  nearly  an  inch.     In  a  fermenting  liquid  they  grow 
very  freely,  and  become  much  softer  and  more  slimy  than  they 
are  in  the  dry  condition. 
The   appearance   of  a    fermentation    is  thus  described   by 
G.  r.  21 
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Marshull  Ward : — "  The   moat  striking  chanicteristica  of  the 
above-described    lumps    of    ginger-beer    plant    however    only 
become  evident  when  they  are  placed  in  saccharine  solutloiu 
and  they  are  |>erhaiMi  best  shown  roughly  oh  fol|i>w8.     A  sodn- 
water  bottle  is  filled  three  i>art,s  full  of  Pasteur's  fluid,  or  any 
other  simitar  solution  of  sugar  in  water,  and  a  lump  of  ginger 
added.    Into  this  mixture  arc  placed  a  few  luuipe  of  the  ginger- 
beer  plant ;  the  bottle  is  then  well  corked  and  laid  in  a  warm 
place,  and  observed  from  time  to  time.     In  from  24  to  28  hours 
depending    on    the    season,   temperature,    Ac,   the    liquid     is 
observed  to  become  more  and  more  turbid,  and  bubbles  of  gas 
b^in  to  ascend,  the   fermentation  soon  goe»  on  rapidly,  and 
unless  the  cork  is  well  secured  by  string  or  wire,  it  will  be 
blown  out.     This  primary  turbidity  is  tbund  to  be  due  olmoel 
entirely  to  imiumerable  yeast-cclls,  and  further  examinational 
proves  that  these  yeast-cells  are  shed  from  the  lumps  of  gioger-^^ 
beer  plant  (which  ri«e  and  fall  with  var)'ing  buoyancy  in  the 
liquid)  and   then   multiply  in   the  medium,  and  soun  form  aH 
greyish  deposit  at  the  bottom,     The  buoyant  dancing  of  the" 
lumps  is  »cen  to  be  determined  by  the  copious  evolution  of  gas 
bubbles   from   their  surfaces. ..The   liquid.. .is  not   only    sur-j 
charged  with  carbon  dioxide,  but  is   evidently  more   or    leas] 
viscous,  with  a  viscosity  which  is  different  from  any  property] 
directly  ini parted  tu  it  by  the  sugar  aud  other  materials  added.. .. 
As   time  g(x*s  on    this  viscosity   iiicreasos   and    it   sometimes  1 
happens  that  the  licjuid  becomes  so  thick  that  tlie  gas-bubbleaj 
rise  wtmparatively  slowly.     The  viscosity  is  not  due   to   thai 
mere  prestiiice  of  yea.st-cells,  because  they  fall  to  the  bottom ; 
it  is  due  to  the  presence  of  innumerable  swollen  or  slimy  vermi- 
form bodies  distributed  through  the  mass  of  the  liquor.    M^Tiada 
uf  rod-shaped  bodies  (Bacteria)  are  also  observable....  The  giugerj 
beer  is  distinctly  acid  as  well  a&  viscous;    the  colour  of  the] 
liquid  is  paler  than  that  of  the  original  solution." 

A  very  deUiilcd  and  elaborate  investigatiuu  into  the  oom| 
sition  of  the  lumps  of  the  "  Plant"  showed  it  to  be  composedl 
of  several  organisms,  of  which  two  specific  forms  constitute  thoj 
ginger-beer  plant  proper,  while   the  rest    are  merely  due    to] 
admixture  of  other  forms  Grom  outside.     The  two  in  questioa] 
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are  a  Yeast,  Saecharomyces  pyri/ormia,  and  a  SchJzomyccte 
which  has  been  uamed  Bacterium  vermi/ujvne.  Mai-shall  Ward 
found  it  pussiblu  indeed  under  proper  conditions  to  reconstruct 
the  "Plant"  from  pure  cultures  of  these  separate  organisms 
originally  iso]iit(^d  from  a  fermenting  Hqui'ii. 

The  barteriuni  is  a  peculiarly  vermiform  organism  con- 
sisting of  filamentous  or  rod-like,  often  homogeneous,  bodies 
much  coiled  and  twisted  together,  which  are  sometimes  found 
to  be  broken  up  into  short  rodlets  or  even  oocri,  the  cells  being 
thus  arranged  in  chains.  The  separate  filaments  are  invested 
with  a  pellucid  swollen  gelatinous  sheath,  which  gives  to  the 
complete  organism  its  peculiar  consistency.  In  the  midst  of 
this  gelatinous  matrix  of  coiled  filaments  the  yeast-cells  appear 
to  be  mechanically  entangled.  The  whole  forms  a  symbiotic 
plant,  which  has  a  superficial  rej^emblance  to  the  thatlus  of  a 
lichen,  in  which  a  yeast  has  replaced  the  alga. 

The  ginger-beer  plant  is  capable  of  causing  fermentation  in 
solutions  of  grape-sugar  and  of  cane-sugar,  but  it  acts  most 
readily  on  the  latter.  It  ditfers  from  kephir  in  not  being 
able  to  feiment  sugar-of-milk  (lactose). 

In  addition  to  the  carbon  dioxide  evolved,  the  solution  at 
the  end  of  a  fermentation  contains  alcohol  and  acetic  acid,  with 
relatively  lai^  quantities  of  another  acid  which  has  not  been 
completely  examined,  but  which  appears  to  resemble  lactic  acid. 
The  alcohol  and  acetic  acid  are  formed  during  the  earlier  stages 
of  the  fermentation,  the  other  acid  appe-aring  somewhat  later. 

.Another  organism  of  a  similar  nature  has  recently  been 
investigated  by  the  writer  in  collaboration  with  Marshall 
Ward.  It  occurs  as  a  growth  parasitic  upon  the  sugar- 
cane,  and  was  originally  procured  from  >[iu]agascar.  It  consists 
of  gelatinous  masses  closely  resembling  the  ginger-beer  plant, 
and  like  it,  is  composed  of  a  yeast  and  a  bacterium,  the 
latter  again  being  very  much  like  the  bacterium  last  described. 
It  ferments  cane-sugar,  maltose,  ghioose,  aud  fructose,  but  not 
lactose.  The  ]>nxluct8  of  the  fermentation  are  alcohol,  carbon 
dioxide,  and  certain  acids,  of  which  the  chief  are  acetic  and 

■  succinic.    When  ctdtivated  in  solution  of  cane-sugar  it  produces 

■  a  quantity  of  viscous  material,  which  apparently  consists  in 
ft  21—2 
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great  part  of  the  extremely  diffluent  Bbeath»  of  the  bacterium. 
This  substance  am  be  obtained  in  large  qiiantitiea  from  pure  . 
cultures  of  the  latter,  and  it  has  beeu  found  to  consist  of  two ; 
moditications  of  celluluso,  resembling  the  dextrans,  or  hemi-  j 
celluloses  of  various  writers.  The  yeast  produces  little  besides  ] 
alcohol  and  carbon  dioxide,  and  small  quantities  of  succinic 
acid.  The  bacterium  gives  rise  to  the  volatile  acetic  acid,  but 
forms  the  latter  directly  from  the  sugar  and  not  indirectly  through 
the  medium  of  the  alcohol,  which,  unlike  the  ordinary  acetic 
microbe,  it  is  unable  to  decompose.  The  bacterium  is  peculiar 
also  in  being  one  of  the  very  few  which  secrete  invertase.  ^M 

Besides  the  yeasta  and  such  symbiotic  fungi  as  have  been^^ 
described,  other  fungi  have  the  power  of  exciting  alcoholic  fer- 
mentation.    In  the  preparation  of  a  spirituous  beverage  mud) 
in  use  iu  the  fai*  East  a  material  is  employed  b}-  the  Chinese  ] 
to  which   they  give  the  name  of  Koji.     This  is  prepared  by, 
inoculating  freshly  steamed  rice  with  the  spores  of  SurotiunA 
(Aspei'ffillus)   oryztiv.      The   grain,   husked    and   bleached.   Ul 
steamed  for  12  houre  till  it  is  soft;  it  is  then  cooled  on  straw] 
mats.   As  soon  as  the  temperature  has  fallen  to  about  28 — SS''  C. 
a  little  is  mijced  with  the  spores  of  the  fungus  and  stirred  into] 
the  rest  of  the  mass.     The  mats  with  their  coating  of  rice  are] 
then  allowed  to  stand  in  a  sort  of  cellar,  frequently  dug  out  ofl 
the  ground,  for  18 — 24  hours,  at  the  end  of  which  time  a  good  | 
mycelium  has  developed  from  the  spores.    The  grains  are  next 
worktrd  up  by  the  hands  and  exposed  on  trays  in  the  wannest 
part  of  the  cellar.     This  process  is  repeated  about  12  hoars 
later,  and  the  mass  is  cooled  and  moistened  with  a  little  water, 
A  third  working  up  of  the  mass  of  giains  and  fungus  is  carried 
out  after  a  further  similar  interval,  and  after  14 — 16  hours  more  ] 
incubation  the  Koji  is  ready  for  use.     The  active  principle  in  J 
the  fermenting  mass  is  derived  from  the  fungits,  which  as  we 
have  already  seen  contains  diastasic,  inverting,  and  other  en- 
z}'me8.    It  has  also  the  power  of  forming  alcohol  at  the  expense] 
of  the  sugars  which  are  produced  by  the  action  of  these  enzymea ' 
on  the  amylaceous  and  saccharine  materials  with  which  it  is 
mixod  in  the  processes  of  manufacture.     It  does  not  affect  j 
lactose. 
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Another  fungus  possessing  similar  properties  has  been  de- 
scribed by  Wehnier,  who  has  tiamed  it  Aspergillus  wentii.  It 
closely  resembles  A.  ori/g&tf,  but  can  only  be  obtained  by 
covering  beans,  which  have  been  boiled  and  superficially  sun- 
dried,  with  the  leaves  of  Hibiscus  tileacits.  The  fungns  invari- 
ably makes  its  appearance  on  the  leaves.  It  is  characterised  by 
possessing  a  light  chocolate  colour.  The  method  of  collecting 
the  mould  exactly  resembles  that  employed  by  the  Chinese  in 
the  manufacture  of  arrack. 

Arrack  is  prepared  in  Java  from  rice  starch  by  the  action  of 
a  substance  which  the  natives  call  "  niggi."  This  is  a  material 
in  which  many  microbes  and  fungi  abound,  but  the  one  to 
which  the  alcoholic  fermentation  is  due  is  not  known  with 
certainty.  "Raggi"  has  been  examined  lately  by  Went  and 
Prinseu,  who  have  made  cultures  of  sevei*al  of  the  organisms  it 
contains.  One  of  these  has  been  called  ChUimydomucor  ortfze<K\ 
it  is  a  fungus  which  developes  a  much-bninched  uuseptated 
mycelium.  It  is  aerobic,  and  secretes  rennet  and  diastase,  but 
does  not  invert  cane-sugar  nor  set  up  the  alcoholic  fermentation 
of  glucose.  Another  fungus  present  has  been  named  Monilia 
javanica.  It  has  the  power  of  fermenting  glucose,  levulose, 
raffinose,  maltose  and  cane-sugar,  the  latter  of  which  it  inverts. 
A  true  Sacchartymyces,  which  the  authors  call  8.  vordevuinnii. 
appears  to  be  the  principal  agent  in  the  production  of  the 
alcohol  of  the  arrack. 

When  Mucor  racemo»U3  is  cultivated  in  a  solution  of  sugar, 
instead  of  forming  an  ordinary  mycclitim,  it  is  found  in  the 
form  of  round  or  ovoid  cells  which  resemble  very  closely  those 
of  brewers'  yeast,  and  which  like  the  latter  multiply  rapidly  by 
budding,  Other  species  of  Mucor  behave  similarly.  These  fungi 
have  the  powur  of  fermentiug  glucose  b»it  appanmtly  cannot 
attack  fructose.  When  cultivated  in  invert-sugai"  they  conse* 
quently  can  only  ferment  one  moiety  of  it.  Generally  the 
fermentation  is  much  slower  than  that  excited  by  the  true 
yeasts  and  is  more  easily  stopped  by  the  alcohol  produced. 
M.  ereclits  can  produce  as  much  as  8  per  cent,  of  spirit  in  a 
saccharine  .solution;  M.  ntcemosits  only  about  3  per  cent.;  ^f. 
stolonifer  only  1"3  per  cent. 
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MucdFT  racettiosus  does  not  produce  alcohol  and  carbon 
dioxide  in  the  same  proportion  jus  yea-st,  viz.  100 :  963,  but  in 
relatively  larger  amount,  the  ratio  being  stated  by  Pitz  as 
1231  :  100.  The  spirit  contains  a  little  aldehyde,  and  auccioic 
acid  is  an  accompanying  pro<luct.  Whether  or  no  glycerine  k 
fonned  is  doubtful.  ^^ 

The  different  species  of  Mucor  are  not  all  able  to  ferment  ^| 
cane-sugar,  as  some  of  them  do  not  secrete  invertaae  and  cannot  ^^ 
therefore  effect  the  preliminary  hydrolysis. 

Pmicilium  glaucum  and  Rinzopua  nigricans  also  are  said  to ) 
be  capable  of  exciting  alcoholic  fermentation. 

A  curious  bacillus  was  described  in  1891  by  Perdrix,  who! 
iaolatcd  it  from  the  water  of  the  Seine.     It  has  among  othera 
properties  the  power  of  |]r<xlucing  alcohol  when  cultivated  in  a 
starchy  medium.     The  starch  is  firet  liydrolysed  to  sugar  and 
the  latter  is  partially   fermented.     A  solution  of  4i"5  grma.  of 
starch  in  200  c.c.  of  water  fermented  by  it  in  the  absence  of  air 
was  found  to  yield  the  following  constituents  at  the  end  of  tl 
fermentation : — 


Sugar 

3*52    grms. 

Acetic  acid     "08    grm. 

Ethyl  alcohol 

•347      „ 

But}Tic  acid  '176     „ 

Amyl  alcohol 

•082      „ 

During  the  process  the  liquid  gave  off  '407  grm.  of  CArbOT^ 
dioxide  uud  '022  gnu.  of  hydrogeu. 

Perdrix  named  the  microbe  liacillits  arnylozyme. 

It  will  ferment  the  stai-ches  of  wheat,  maize,  rye  and  barley.^ 
When  yeast  is  atldud  to  u  mixture  in  which  it  has  excited 
fermentation  the  two  organisms  will  work  symbiotically  and 
under  these  conditions  90  per  cent,  of  the  theoretically  possible 
(juautity  of  alcohol  may  be  formed. 

Fitz  has  stated  that  glycerine  as  well  as  sugjir  is  capable  of  i 
giving  rise  to  alcohol,  the  organism  producing  It  being  a  microbe  ^| 
to  which  he  has  given  the  name  Bacillus  aetJiylicus,  and  which  " 
can  be  cultivated  from  an  infusion  of  hay.  He  cultivated  it  in  ^A 
1  per  cent  solution  of  Lcibig's  extract  to  which  3  per  cent  of  H 
glycerine  had  been  added.  200  gi-ammes  of  glycerine  jaelded  ' 
258  grammes  of  alcohol. 
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Fitz's  organism  hius  been  cultivated  also  by  Emmerling,  who 
fnnnd  it  capable  of  funning  alcohol  fi-ora  loannitol  as  well  as 
from  glycerine.  Emmerling  has  shown  that  Gratiulobacter 
biityticux  produces  but)'lic  alcohol  from  glucose. 

Alcohol  also  appears  an  a  bye-product  in  several  other  fer- 
mentatioHB  which  ^v^ll  be  considered  in  a  subsequent  chapter. 

The  formation  of  alcohol  by  the  vegetable  cell  is  not,  how- 
ever, confined  to  the  lowly  organisms  which  we  have  so  far 
described.  There  are  many  focts  which  lead  us  to  the  view 
that  it  is  a  property  of  living  protoplasm,  which  is,  however, 
only  exercised  when  the  latter  is  exposed  to  abnormal  condi- 
tions, the  chief  of  which  is  the  absence  of  oxygen.  The  earliest 
of  the  observations  recorded  on  this  point  wore  those  of  B^rard 
in  IH2I.  These  are  very  meagie  and  incomplete,  but  we  learn 
from  them  that  he  found  that  when  certain  fruits  were  shut  up 
in  a  closed  vessel  containing  carbon  dioxide  or  some  inert  gas, 
there  was  a  continuous  production  of  carbon  dioxide,  which  he 
attributed  to  a  kind  of  fermentation. 

Lechartier  and  Bellamy  were  the  first  observers  to  record 
cArefnlly  the  conise  of  events  under  these  conditions.  Their 
observations  were  published  in  1860  and  1875,  and  they  throw 
a  good  deal  of  light  upon  alcoholic  fermentiition  in  general 
They  examined  principally  succulent  fruits  such  as  apples,  pears, 
cherries,  and  gooseberries:  also  potatoes,  and  grains  of  wheat. 
Placing  these  in  closed  vessels  from  which  tubes  were  led  off  to 
receivers  containing  mercury,  they  found  that  tbey  gradually 
ab9orbe<l  all  the  free  oxygen  anmnd  them,  and  at  the  same  time 
evolved  carbon  dioxide.  The  disengagement  of  the  latter  gas 
continued  after  all  the  oxygen  had  disappeared,  but  became 
gradually  less  as  time  went  on.  During  the  experiments,  the 
fruits  were  kept  from  contact  with  each  other,  and  from  the 
walls  of  the  vessels  in  which  they  were  enclosed.  After  several 
months  the  fruits  were  removed,  mashed  to  a  pulp,  and  the 
ma.ss  distilled,  when  a  considerable  iinantity  of  alcohol  was 
separated  from  them.  Very  careful  microscopic  examination 
showed  the  absence  of  all  mici-o-organisma. 

One  of  their  experiments  may  be  quoted  in  detail.  On 
Nov.  12,  two  pears,  weighing  157  grammes  and  125  grammes 
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rospcctively,  were  sunpended  in  a  glass  vessel  i$o  as  not  to  be  in 
contact  with  lUt  sides,  and  a  quantity  of  calcic  chloride  was  at 
the  same  time  introduced,  so  that  only  dry  air  should  suironod 
the  &uita.  The  vessel  was  then  closely  stoppered,  and  from 
the  stopper  a  leading  tube  was  taken  to  a  receiver  containing 
mercury.  The  apparatus  was  kept  closed  till  the  19th  of  th© 
foltowiug  .luly.  During  that  time,  1762  c.c.  of  carbon  dioxide 
were  evolved,  and  the  fruits  at  the  moment  of  opening  werel 
found  to  contain  262  grammes  of  alcohol.  The  pears  had  kept 
theii*  natunil  coluur ;  the  skin  was  wrinkled  but  not  moist ;  their 
condition  was  that  of  normally  withered  fruits.  On  weig-hing 
them  it  was  found  they  had  given  off  134  gnvmmcs  of  water, 
but  still  contained  a  quantity  equal  to  nearly  70  per  cenL  of 
their  weight.  Towards  the  end  of  the  ex]>eriment  the  evolutioa 
of  carbon  dioxide  gradually  diminished.  From  March  3  to 
April  8,  only  28  c.c  were  disengaged  and  the  formation  opaaed 
entirely  at  the  latter  date.  The  authors  point  out  that  this  fact 
was  incompatible  with  the  view  that  the  fermentation  wa«  due 
to  an  alcohol -producing  micro-organism ;  moreover,  mici*oscopic 
investigation  of  the  pulp  taken  at  different  distances  from  the  , 
centre  of  the  fruit  showed  that  no  such  bodies  were  present.  ^| 
In  some  of  their  experiments  spores  or  cells  of  yeast  made  their  ^^ 
way  into  the  fruits,  anfl  in  the.se  wwes  the  progress  of  the  fer-  ^\ 
mentation  was  altogether  different  from  the  one  described,  the  ^| 
evolution  of  carbon  dinxide  continuously  increasing  after  the  " 
fermentation  was  once  initiate<I.  ^j 

During  the  time  when  the  spontaneous  fermentation  was  ^M 
taking  place,  the  fruit  became  sensibly  modified,  the  cellular  ~ 
tissue  being  wholly  or  in  part  dissociated,  and  becoming 
syioipy,  while  the  seeds  lost  the  power  of  germination. 

The  experiments  of  Lechartier  and  Bellamy  were  subse- 
quently re|)eated  by  Pasteur  and  their  results  confirmed. 

When  fruits  were  gathered  and  allowed  to  ri|)cn  without 
being  deprived  of  oxygen,  there  was  no  formation  of  alcohol 
accompanying  the  process.  The  alcoholic  fermentation  in  the 
cases  described  waa  thus  undoubtedly  set  up  by  the  peculiar 
conditions  of  the  experiments. 

Investigations  published  by  Bretield  in  1876,  and  by  de  Luch 
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in  1878,  have  shown  that  similar  results  are  met  with  in 
experiments  with  seeds,  leaves,  aud  branches.  About  the;  same 
time  Muntz  found  that  when  he  cultivated  plants  in  pots  in  an 
atmosphere  of  nitrogen  instead  of  carbon -dioxide,  alcohol  was 
produced  in  their  living  cells.  He  carried  out  his  investigations 
on  many  different  plants,  including  maize,  beetf,  cabbages,  and 
chicor}',  all  of  which  remained  healthy  so  long  as  they  were 
under  obswrvation.  He  detected  alcohol  in  their  tissues  by 
the  iodoform  reaction. 

Some  experiments  carried  out  in  1896  by  Gerber,  have  also 
shown  the  power  of  vegetable  protoplasm  in  the  higher  plant* 
to  set  up  alcoholic  fennentation.  This  observer  carried  out  a 
long  series  of  researches  on  the  changes  undergone  by  various 
fruits  in  the  course  of  their  maturation,  and  paid  special 
attention  to  the  respiratory  changes  which  can  be  obsei*ved 
during  this  period.  Attention  may  be  called  especially  to  the 
ripening  of  fruits  which  contain  considerable  quantities  of 
tiumin.  Among  these  may  be  noted  L'si>ecially  the  fruit  of 
the  Chinese  date-plum  {Dioaptjros  kaki),  which  when  ripe  con- 
tains a  very  agreeable  volatile  aromatic  perfume.  When  this 
fruit  was  allowed  to  ripen  in  a  confined  atmosphere,  and  the 
pulp  examined,  it  was  found  to  yield  ten  per  cent,  of  ethylic 
alcohol,  mixed  with  other  alcohols  among  which  amylic 
was  conspicuous.  The  pulp  also  contained  acetic  acid.  The 
aromatic  principle  was  found  to  be  a  mixttire  of  amyl  and  ethyl 
acetates,  with  traces  of  cenan  thy  latins  und  pelargonates.  The 
tannin  disappeared  during  the  ripening,  but  the  alcohols  formed 
dirl  not  appear  to  be  develope<l  from  it.  but  rather  fi-om  the 
sugars  of  the  fruit.  Gerber  associates  its  formation  with  the 
abeence  of  oxygen  during  the  later  stages  of  the  ripening.  Ue 
obtained  similar  results  with  Diospyros  costaUi.  When  the 
fruit-4  of  this  plant  were  gathered  and  allowed  to  ripen  at 
a  temperature  of  30*  C,  the  ratio  of  oxygen  absorbed  to 
carbon  ilicxide  evolved  was  1  :  312;  when  the  temjwrature  was 
maintained  at  IS'C  it  was  1  :  r26.  Alcohol  was  produced 
in  the  former  case  but  not  in  the  latter.  The  fermentation 
appeared  to  be  due  to  the  supply  of  oxygen  not  l>eing  sufficient 
for  the  needs  of  the  plant  vvhen  its  metabolism  was  exalted  by 
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the  higher  temperature,  though  it  was  so  with  the  less  actiTel 
metabolism  at  15'  C.     The  order  of  eventa  In  the  ripening  of' 
these  fruits  wan  the  following.     In  the  corl^r  stages,  the  resptrm- 
tion  shoved  that  they  exhaled  less  carbon  dioxide  Chan  the/ 1 
absorbed  oxygen,  the  tannin  gradually  disappearing  during-  this 
period,  and  being  in  Gerbers  opinion  completely  oxidised  to 
carbou   dioxide  and    water.     After    the   dii^ppearance    of  the       , 
tannin,  the  pectose  which  viae  present  in  the  walls  of  the  cells  ^M 
was  converted  into  pectine,  which  cause<l  the  softened  character  ^^ 
of  the  pulp.    The  swelling  characteristic  of  pectine  partially  ^ 
obstructed  the  intercellular  passages  in  the  pulp,  thus   inter-  ^| 
fering  very  seriously  with  the  transport  of  air  to  the  cells  of  the  ^^ 
interior,  and  causing  the  supply  of  oxygen  to  bo  considerably       i 
lessened.     At  the  temperature  of  1 5"  C.  sufficient  oxygen  was  fl 
able   to   pass   along    the    narrowed    intercellular    passages    to  " 
minister  to  the  needs  of  the  cells,  but  at  the  higher  point  of 
30"  C.  this  was  not  so,  and  a  sort  of  asphyxiation  set  in.     This 
set  up  the  fermentation  noticed  at  that  temperature;  at  once 
the  output  of  cai*bon  dioxide  increased,  and  the  ratio  of  the 
two  gases  concerned  rose  from  1  :  126  to  1  :  3*12.     The  in- 
creased amount  of  carbon  dioxide  was  made  up  of  that  which 
resulted    from    the    fermentation  of  the  sugar,  added   to    the 
quantity   proceeding    from   the  respiration   of   the   cells,   the 
latter  being  the  only  factor  when  the  lower  ratio  was  observed. 
This  vlt!w  of  till:  cause  of  the  increase  was  supported  by  the 
observation  that  when  air  was  admitted  !uute  freely  to  the  cells 
by  subdividing  the  tissue  into  small  pieces,  the  ratio  at  once 
fell  slightly,  although  as  such  subtjivision  did  not  completely 
remedy  the  ubstructiou  of  the  intercellular  passages,  the  differ- 
ence was  not  very  marked. 

Qerber  obtained  similar  results  with  bananas  and  melooB, 
observed  under  coiTespuuding  condiuons. 

He  came  to  the  conclusion  reached  by  Lechartier  and 
Bellamy,  and  by  Pasteur,  that  the  cause  of  alcoholic  fermenta- 
tion in  these  fruits  is  to  be  looked  for  in  the  diminished  supply 
of  o.xygen  to  the  cells,  that  it  is  indeed  a  struggle  against 
incipient  asphyxiation.  The  alcohols  which  he  obtained  were 
not  free  as  in  the  expeHmeuts  of  Lechartier  and  Bellamy,  bat 
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were  combined  with  other  volatile  bwHes  to  form  the  various 
etherial  substances  which  constitute  the  perfumes  of  the  fruits. 
Returning  to  the  consideration  of  the  part  played  by  the 
yeast-cells  in  ordinary  fermentation,  we  tind  that  it  has  been 
a  subject  of  considerable  speculation,  and  that  two  hypotheses 
have  been  put  forward  to  uxplain  its  action.  Pasteur  came  to  the 
conclusion  that  the  fermentative  power  was  connected  with  nutri- 
tion in  the  absence  of  free  oxygen,  and  that  the  decomposition 
of  the  sugar  under  these  conditions  was  the  expression  of  the 
effort  of  the  oi^nism  to  obtain  oxygon  for  respiratory  purposes. 
We  have  seen  that  according  to  Monoyer,  the  formation  of 
succinic  acid  and  glycerine,  which  Pasteur  first  discovered  to 
accompany  the  alcoholic  fermentation,  is  accompanied  by  the 
liberation  of  a  small  quantity  of  free  oxygen.  Pasteur  strength- 
ened hiniself  in  this  opinion  by  experiments  on  the  cultivation 
of  yeast  in  the  absence  of  free  oxygen,  carried  on  side  by 
aide  with  others  in  which  the  gas  was  freely  supplied  to  the 
organism.  In  these  experiments  he  found  that  the  relative 
weights  of  yeast  formed  and  sugar  decomposed  were  very 
different  under  the  two  couditiona.  When  no  oxygen  was 
supplied,  fermentation  was  very  slow.  jukI  but  little  yeast  was 
produced.  For  one  part  of  yeast  fonae<i,  60  to  80  parts  of 
sugar  disappeared.  When  oxygen  was  admitted,  the  fermenta- 
tion was  very  rapid,  the  yeast  grew  luxuriantly,  but  for  one 
^pa^t  formed,  not  niort-  than  4  to  10  parts  of  sugar  were 
decomposed.  The  difference  was  not  due  to  any  weakening  of 
the  energy  of  the  yeast  in  the  second  case,  for  when  some  of 
it  v/as  removed,  and  made  to  act  on  sugar  in  the  absence  of 
oxygen,  it  behaved  just  as  did  that  which  was  used  in  the  first 
experiment.  Pasteur  was  thus  led  to  hold  that  fermentation 
IB  a  phenomenon  of  life  in  the  absence  of  oxygen,  and  devoted 
especially  to  the  production  of  the  tatter  from  the  carbohj'drate 
materia)  of  the  cell  itself,  or  that  existing  in  its  environment. 
This  view  was  not  however  allowed  to  pass  without  chal- 
longe.  Sehlitzenberger  argues  against  it-  with  some  force, 
pointing  out  that  Pasteur's  inference  does  not  take  intoaocouut 
all  the  observed  facts.  In  the  presence  of  free  oxygen  wo  have 
a  very  active  fermentation  set  up,  while  the  yeast  is  said  to 
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possess,  bulk  for  bulk,  less  fermentative  power.    SchUtzenberger 
claims  that  the  jxiwer  to  decompose  sugar  is  not  the  same 
thing  as  the  power  of  respiration,  and  that  the  two  should  be  ^i 
kept  distinct  In  funning  a  hypothesis  of  the  nature  of  the^^ 
action.     The  yeast-cel)  possesses  bctth  these  powers,  and  so  long  ~ 
aa   it   exercises   both    freely  the    fermentative   power    ia    not 
tlirectly  related  to  the  respiratory  process.    If  the  decomposition 
of  the  sugar  were  only  the  result  of  the  efifort  of  the  yeast-cells  ^M 
to  respire  at  the  expense  of  part  of  the  oxygen  contained  in  ^^ 
the  augai*  molecule,  it  would  appear  that  fermentation  should       , 
either  not  have  taken   place  at  all  in   the  presence   of  free  ^M 
oxygen,  or  that  it  should  have  been  much  less  than  in  the  other  ^^ 
case,  whereas  the  reverse  is  what  is  found. 

SchUtzenberger  supports  his  objection  by  experiments 
carried  out  to  ascertain  how  respiration  is  afiected  under 
changed  conditions.  The  results  he  obtained  were  briefly  the 
following: — 

(1)  In  a  water}'  liquid  without  sugar  but  containing  oxygen 
ill  solution,  the  quantity  of  oxygen  absorbed  in  unit  time  by  a 
gramme  of  yeast  is  constant,  whatever  proportion  of  oxygen  is 
present. 

(2)  In  a  saccharine  liquid,  containing  also  albuminous 
matter,  and  with  oxygen  in  solution,  the  same  result  is  ob- 
tained, except  that  the  quantity  of  the  gas  absorbed  in  unit 
time  is  greater. 

(3)  In  two  fermentations,  earned  on  side  by  side  for  somfr 
time,  one  only  being  continuously  supplied  with  oxygen,  the 
latter  prochiced  mi>!*t  alcohol.  Hence  Scliiitzenberger  came  to 
the  conclusion  that  the  sugar  is  alimentary. 

On  a  consideration  of  all  the  phenomena  described  by 
theiie  sevenil  observers  together  with  the  facts  aaceitained  by 
Lecbartier  and  Bellamy  and  by  Gerber  it  seems  passible  lo 
reconcile  these  two  hypotheses.  We  may  agree  with  Schlitzen- 
berger  that  whfn  the  yeast-cell  is  cultivated  under  normal 
conditions  its  peculiar  metabolism  demands  a  certain  vigorous 
decomposition  of  sugar  to  minister  to  its  nutrition.  Under 
these  conditions  it  is  freely  supplied  with  oxygen  and  with  food 
material.     Its  life  is   consequently   very  vigorous ;    the    cells 
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grow  and  multiply  and  the  coincident  fennentation  is  extremely 
active.  But  it  does  not  seem  at  aU  a  sti-aiued  view  to  suppose 
that  its  protoplasm  is  like  that  of  the  coIIh  of  the  fruitt^  and 
other  organs  examined  by  the  other  observers.  We  have 
aecn  that  when  these  are  deprived  of  acccHs  to  free  oxygen 
the  ratio  of  the  gaseous  interchange  is  rapidly  altered,  the 
carbon  dioxide  being  increased  two  or  three-fold.  The  stimulus 
of  incipient  asphyxiation  leads  in  them  to  the  setting  up 
of  fermentation,  evidence  of  which  is  afforded  by  the  increase 
of  the  carbon  dioxide  evolved ;  supplementary  evidence  is 
given  by  the  coincident  appearance  of  alcohol.  Similar  diffi- 
culty is  placed  in  the  way  of  the  yeast  when  it  is  deprived 
of  o.\ygen.  The  commencing  asphyxiation  checks  the  multi- 
plication of  the  ycast-cells;  instead  of  the  weight  of  newly 
formed  yeast  being  one-fourth  to  one-tenth  that  of  the  de- 
composed sugar  it  falls  to  one-eightieth.  At  the  same  time 
an  intcnsitication  of  the  fermentation  takes  place,  a  so-called 
respirator}'  process  being  developed  in  addition  to  the  already 
existing  alimentary  one.  The  difference  between  the  yeast  and 
the  fruits  will  thus  be  seen  to  be  that  the  nutritive  processes  of 
the  former  involve  production  of  alcohol  from  sugar  while  those 
of  the  latter  do  not.  The  increased  fermentative  activity  of  the 
yeast  when  deprived  of  oxygon  corresponds  to  the  only  fermen- 
tative power  of  the  ceils  of  the  fruit,  which  does  not  appear  so 
long  as  its  environment  is  normal  That  the  fermentation  by 
yeast  under  incipient  asphyxiation  is  intensified  may  appear 
to  be  contrary  to  experiment,  as  the  ordinar>'  fennentation  in 
free  oxygen  seems  most  vigorous.  But  the  quantity  of  the 
yeast  engaged  is  much  greater  under  these  conditions,  as  the 
cells  multiply  very  rapidly,  and  this  must  be  taken  into  account 
in  making  the  comparison.  Taking  the  ratio  of  yeast  to  sugar, 
we  have  seen  that  in  incipient  asphyxiation  the  yeast  can 
decompose  80  times  its  weight  of  sugar,  whereas  in  the  presence 
of  oxygen  it  can  only  ferment  4 — 10  times  its  weight. 

We  see  thus  that  the  action  of  the  yeast-cell  is  not  always 
the  same.  In  the  normal  condition,  it  is  exciting  fermenta- 
tion in  connection  with  itM  nutrition.  This  is  a  special  case. 
apparently  oODfined   to  such   organisms   as   the  lower   fungi. 
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A  much  more  wule-spread  action  of  protoplaam   can   also  be 
noted,  when  the  production  of  alcohol  is  coincident  with  Iht 
effort  of  the  living  cell  to  supply  itself  with  the  oxygen  whidL  J 
is  not  presented  by  its  environment.  H 

By  many  writere  this  latter  process  is  spoken  of  as  "  intra- 
molcculsir  respiration."  This  is  rather  an  unfortunate  phraae. 
for  the  process  has  nothing  in  common  with  the  intimate 
respiratory  process.  The  latter  consists  of  tho  absorption  of 
oxygen  by  the  protoplasm,  and  of  a  series  of  decompoRitinns  of 
the  Hubstance  of  the  latter,  whereby  continually  simpler  bodies 
are  produced,  the  ultimate  terms  reached  being  carbon  dioxide 
and  water.  The  carbon  dioxide  libemtcfl  in  respiration  there- 
fore proceeds  immediately  from  the  protoplasm.  In  the  process 
of  fermentation  this  is  not  the  case ;  the  decomposition  appears 
to  be  conducted  outside  the  protoplasmic  molecule  and  t-o  be 
set  up  with  the  view  of  liberating  from  some  external  body  tbe^ 
oxygen  which  the  living  substaooe  needs  for  respiration.  Tb«B 
procetiK  is  essentially  a  fermentative  and  not  a  respiratory  one. 

There  is  however  another  question  of  considerable  mtportaoce 
which  must  not  be  overlooked  in  this  discussion.      Ouring  its     i 
life  the  yeast  plant  not  only  requires  nutritive  material  for  it 
development  and  growth,  but  it  must  also  be  furnished  with! 
sufficient  energy  to  carry  out  its  vital  processus.     This   is 
primary  necessity  for  aU  living  organisms. 

In  the  case  of  the  yeast-plant,  we  find  that  a  temperature 
somewhat  higher  than  that  of  the  surrounding  air  is  eminently 
favourable  for  its  growth  and  mnltiptication,  though  the  par- 
ticular temperature  desired  is  not  the  same  for  all  races  of  the 
plant.  The  maintenance  of  this  slightly  raised  temperature 
demands  the  extjenditure  of  a  certain  additional  amount  of 
energy  in  the  form  of  heat,  and  this  must  be  obtained  by  the 
plant  in  the  course  of  its  moUbolic  changes. 

Nonnally  the  energy  reciuirod  by  an  aerobic  plant  whicji 
contains  no  chlorophyll  is  funiished  largely  by  its  respiratory 
processes.  The  same  is  true  of  such  cells  of  green  plants  as  do 
not  possess  chlorophyll  corpuscles,  or  are  not  exposed  to  light 
of  sufficient  intensity  to  enable  them  to  absorb  mdiant  energy. 
In  the  respiratory  process,  wc  find  a  continual  breaking  up  of 
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complex  bodies  into  simpler  oncs^  in  which  decoinpoiiitioQS  thu 
protoplasm  is  immediately  coucerned.  The  living  substance  is 
itself  the  seut  of  such  decompositions  and  its  own  brcfiking 
down  and  reconstruction  are  largely  involved  in  them.  The 
decompositions  appear  to  be  provoked  by  the  access  of  oxygen 
to  the  protoplasm.  It  is  well  known  that  the  addition  of 
oxygen  to  a  compound  increases  its  instability.  The  ultimate 
expression  of  these  respiratoi^  chauges  is  the  production  of 
carbon  dioxide  and  water,  and  the  decompositions  are  un- 
doubtedly accompanied  by  the  liberation  of  eneigy. 

When  sutBcient  oxygen  is  supplied  to  yeast  the  gentle 
respiratory  processes  of  the  healthy  cells  are  supplemented  by 
the  decomposition  of  the  sugar,  which  liberates  energy  without 
a  direct  process  of  oxidation.  If  no  oxygen  is  supplied  or  if  the 
quantity  is  an  inadei|uate  one,  the  decomposition  of  the  sugar 
alone  must  be  the  source  to  which  the  plant  must  look  for  the 
energy  it  needs.  We  can  understand  that  increased  fermen- 
tative activity  will  accordingly  be  manifested  under  the  stimulus 
of  commencing  asphyxiation.  The  yeast  may  be  regarded 
under  these  conditions  as  decomposing  more  sugar  cither  for 
the  purpose  of  obtaining  oxygen  for  its  respiratory  processes, 
or  perhaps  for  that  of  liberating  energy  directly  without  the 
intervention  of  respiration.  The  same  explanations  may  be 
applied  in  the  olso  of  the  ripening  fruits  and  the  other  parts  of 
plants  already  instanced. 

In  the  case  of  anaerobic  plants  the  decompositions  which 
are  provoked  may  in  like  manner  have  for  their  object  a  gradual 
supply  of  uxygen  to  the  organism.  They  may  on  the  other 
hand  set  up  the  decompositions  for  the  purpose  of  supplying 
energy  directly,  without  the  interventi<m  of  any  oxygen  ob- 
tained from  the  decomposing  body.  In  cither  case  the  main 
object  sought  seems  to  be  the  energy  needed  for  the  various 
vital  processes. 

The  method  by  which  the  yeast-cell  effects  the  decomposi- 
tion of  the  sugar  has  till  quite  recently  remained  undiscovered. 
During  the  gradual  development  of  our  knowledge  uf  enzymes, 
the  minds  of  many  physiologists  have  been  directed  to  the 
question  of  the  possible  existence  of  one  of  these  bodies,  capable 
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of  giving  rise  to  alcoholic  fermeutation.  The  yeasb-cell  is  knomi 
to  be  the  scat  of  formation  of  several  en?:jTiies.  At  different 
time8  iuvertaae,  diastase,  glucose,  and  trypsin  have  been  dis- 
covered in  it  as  we  have  already  seen.  Till  1896  all  effort> 
to  prepare  from  yeast  an  alcohol -pnKiucing  enzymo  failed. 

Claud  Bernard  was  engage<l  during  the  last  few  months  i>f 
bis  life  in  iuvosligating  the  formation  of  alcohol  iu  the  juice  of 
grapes  of  different  degrees  of  ripeness  and  decay.  During  some 
of  his  experiments  he  found  the  quantity  of  spirit  increase. 
though  no  yeast  was  presi.*nt,  and  he  attributed  thi»;  to  the  actioo 
of  a  soluble  fernienU  He  did  not  however  isolate  it.  His  ex- 
periments so  for  as  they  wont  were  published  posthuraotisty  b)* 
Berthelot,  in  July  1878.  In  lS9t)  however  Buchnor  was  success- 
ful in  extracting  the  enzyme.    His  process  was  the  following: — 

One  kilogramme  of  purified  pressed  yeast  was  mixed  with 
an  equal  weight  of  One  quartz  sand  and  with  250  ^rznsL  of 
kiesclguhr,  a  tine  infusorial  eai'th.  The  mixture  was  carefullv 
ground  in  a  mortar  till  a  moist  plastic  mass  was  obtained.  The 
microscope  showed  that  most  of  the  yeast-cells  were  disin- 
tegrated or  at  least  ruptured.  100  c.c.  of  distilled  water  was 
then  stirred  into  the  pasty  maas,  and  it  was  wrapped  up  in  a 
doth  and  submitted  to  strong  pressure  in  a  hydraulic  pres. 
The  pressure  was  gradually  raist^l  till  it  reached  500  atmo- 
spheres. The  liquid  thus  squeezed  out  measured  300  c.c.  Thu 
cake  was  removed  frum  the  press  and  ground  up  again  with 
another  100  c.c.  of  water  and  the  pressun^  renewed,  when  a 
further  150  c.c.  of  liquid  was  obtained.  In  all  therefore  SoOcc 
of  the  contents  of  the  yeast-cells  were  yielded  by  the  tneattneut. 
The  liquid  was  shaken  up  with  4-  grammes  of  kieselguhr  and 
filtered  through  fine  fiHtfr-i«iper.  The  resulting  extract  was  a 
clear,  slightly  opaUjscent  liquid  of  a  yellow  colnur,  jxtssessing  a 
yeasty  aroma.  It  had  a  specific  gravity  of  1U46  at  17  C.^ 
When  a  snudl  quantity  of  this  solution  was  mixed  with  an  B 
ecpial  volume  of  a  37  per  cent  solution  of  cane-sugar,  a  regular 
evolution  of  carbon  dioxide  commenced  in  about  half-an-hour. 
When  the  operation  was  carried  on  at  a  low  temperatui-e  the 
disengagement  of  the  gas  was  very  gentle,  but  at  about  3o^  C 
it  was  so  energetic  as  to  cause  the  liquid  to  froth. 
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The  preparation  of  such  an  extract  as  this  presents  consider- 
ablo  difficulty,  the  operation  of  grindiug  the  yeast  being  very 
tedious.  Since  Buchner's  results  were  published  it  has  however 
been  successfully  carried  out  by  Delbruck  in  Berlin,  and  by  the 
writer  in  this  country. 

The  fermentation  is  due  to  an  enzyme  in  the  yeast  extract, 
to  which  Buchuer  has  given  the  name  zymase.  The  name  is  not 
perhaps  well  chosen,  as  the  same  term  has  been  applied  to  the 
whole  group  of  soluble  ferment-s,  though  it  has  bf:en  replaced  in 
this  connection  by  the  word  '*  enzj'me." 

The  decomposition  of  the  sugar  effected  by  zymase  is  its 
disi-uption  into  alcohol  and  carbon  dioxide.  If  a  quautity  of 
the  yeast  extract  is  mixed  with  a  solution  of  a  fermentable 
sugar  and  placed  in  a  flask  fitted  with  a  manometer,  the  mercury 
very  soon  rises  in  the  distal  limb  of  the  latter,  and  the  pressure 
of  the  gas  keeps  it  there  for  several  days,  bubbles  of  gas  from 
time  to  time  escaping  through  the  mercury  column.  At  the 
end  of  some  days  a  measurable  amount  of  alcohol  can  be 
separated  from  the  liquid  by  distillation.  The  action  goes  oa 
until  all  the  sugar  has  been  decomposed. 

The  f  xlract  is  perfectly  active  when  saturated  with  chloro- 
form, which  inhibits  the  action  of  the  yeast  cell  itself  Other 
antiseptics  may  be  used  instead  of  chloroform.  Buchner  recom- 
mends the  use  of  potassium  metarsenite  in  the  proportion  of 
2  gms.  per  100  c,c.  of  solution. 

When  chloroform  is  used  there  ensues  a  gradual  precipita- 
tion of  the  proteids  of  the  yeast  solution,  which  mechanically 
carrj'  down  a  large  portion  of  the  enzj-me.  If  siich  a  solution  is 
filtered  and  the  precipitate  suspended  in  a  quantity  of  water, 
equal  in  bulk  tu  the  original  volume  before  filtration,  the 
latter  has  much  more  fermentative  power  than  the  filtrate, 
when  sugar  i^t  added  to  both. 

If  the  solution  of  the  enzyme  is  heated  gradually,  a  copious 
ooagulum  of  proteid  matter  is  formed  at  35^-40^  C,  and  after 
separation  of  this  the  extract  is  found  to  have  lost  its  fer- 
mentative power. 

The  extract  is  very  difficult  to  preserve,  as  the  enzyme 
decomposes  very  rapidly.     It  may  be  kept  for  2  to  5  days  if 
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the  temperature  be  maintained  at  0''  C,  but  at  the  temperature 
of  the  laboratory  it  is  usually  destroyed  in  half  that  time.     ^^  i^ 
is  kept  in  contact  with  sugar  Buchner  says  it  can  be  preser>*eH 
for  a  considerable  time  longer,  retaining  some  ferment  power 
after  two  weeks. 

In  some  cases  the  yeast  extract  has  been  found  to  be  acti^ 
after  filtration  through  a  porcelain  or  kieselguhr  filter. 
ferent  preparatious  however  yhow  differences  in  this  respect. 

The  enzyme,  like  so  many  others,  is  capable  of  resisting 
desiccation  to  a  certain  extent.  The  yeast  extract  roay  be  evapo- 
rated under  diminished  pressure  till  it  consists  of  a  thin  paste, 
and  the  latter  may  then  be  spread  out  in  a  thin  layer  and 
further  dried  at  36"  C.  The  solid  residue  generally  repreMontft 
about  10  per  cent,  of  the  weight  of  the  liquid.  It  can  be 
preserved  unchanged  for  three  weeks.  If  during  that  tinii?  it 
diKsotved  io  5  times  its  weight  of  water  and  the  solution  filter 
the  latter  contains  the  ferment  in  au  active  condition. 

The  sugars  which  arc  capable  of  fermentation  by  zyraa 
are  those  wliich  the  yeast  itself  can  decompose.     Buchner 
fermented   cane-sugar,  maltose,  glucose  and  fructose,  but   no 
lactose  nor  mannitol.     It  appears  at  present  that  the  feiineut 
tiun  is  not  accompanied  by  the  formation  of  succinic  acid  aud 
glycerine  which  is  characteristic  of  that  brought  about  by  yeast. 

At  the  outset  of  his  investigations  Buchner  found  that  the 
enzyme  could  not  be  prepared  from  every  snniple  of  yciist  with 
which  he  worked.  Many  other  observers,  following  his  method 
of  preparation  with  scrupulous  care,  abo  feiled  to  extract  it. 

The  ordinary  yeast  of  our  breweries  taken  from  the  ferment 
iug  wort  at  the  close  of  the  fermeutation  usually  fails  to  yield 
any  cnzjTne.     If  however  it  is  taken  while  in  very  active  condi- 
tion, when  the  fenueutation   is  at  its  height   and    the    yeast 
frothing  vigorously,  a  considerable  quantity  of  zymase  may 
extracted  from  it.     Buchner  in  one  of  his  early  (japers  suggest 
that  the  araoimt  of  the  enzyme  may  vary  in  difTerent  yeasts  and 
from  time  to  time  in  the  same  yeast.     The  secretion  is  appar-^ 
ently  intermittent,  and  only  called  forth  by  the  conditions  which 
excite  the  cells  to  vigorous  growth  and  nmtti plication, 
again  calls  to  mind  the  behaviour  u(  many  gland  cells,  such 
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those  of  the  stomach,  which  do  not  begin  to  secrete  their  charac- 
teristic enzyme  till  stimulated  by  the  absorption  or  supply  of 
nutritive  material. 

Sioce  Bucbner's  discovery  attention  has  been  directed  again 
to  the  production  of  alcohol  in  fruits  and  other  parts  of  plants 
when  they  are  deprived  of  oxygen.  Effront  has  recently  claimed 
to  have  demonstrated  the  secretion  of  zymase  by  the  cells 
concerned  in  setting  up  alcoholic  fermentation  in  these  organs. 
His  first  experiments  were  carried  out  with  cherries,  which  he 
sterilised  by  washing  them  with  a  dilute  solution  of  formic 
aldehyde.  They  were  then  carefully  dried  and  plunged  into 
fliksks  containing  olive  oil.  After  three  days  a  considerable  evo- 
lution of  carbon  dioxide  was  obser\'ed,  which  continued  for  about 
three  weeks.  At  the  end  of  that  time  the  cherries  were 
onishod  and  the  juice  extracted  from  them  by  pressure.  The 
juice  was  freed  from  oil  by  treutrnenl  with  ether,  and  was  dried 
at  a  low  temperature  in  vacuo.  The  resulting  powder  was 
macerated  with  water  for  12  honrw  and  then  subjected  to  strong 
pre-ssure.  The  expressed  liquid  after  filtration  was  found  to 
excite  alcoholic  fermentation  when  added  to  cane-sugar;  evolu- 
tion of  carbon  dioxide,  production  of  alcohol,  an<l  diminution  of 
the  specific  graWty  of  the  liquifl  lieing  all  observed.  If  the 
extract  was  kept  at  40"  C  for  an  honr  before  being  mixed  with 
the  sugar  it  produced  no  change  in  the  latter. 

Effront  has  prepared  zymase  from  peas  and  from  barley  by 
a  similar  method. 

From  these  researches  it  appears  certain  that  the  production 
of  alcohol  whether  in  the  presence  or  absence  of  oxygen  is 
brought  about  by  the  activity  of  an  enzyme.  Its  secretion  by 
the  cells  of  yeast  attends  the  ordinary  nutritive  processes  as 
well  as  the  abnormal  decomfxxsiliuris  set  up  by  incipient 
asphyxiation.  The  latter  condition  induces  its  formation  in 
other  parts  of  plants.  The  absence  of  oxygen  stimulates  the 
protoplasm  of  the  cells  to  secrete  it,  the  ultimate  effect  of  its 
appearance  being  the  liberation  of  energy  as  already  stated. 
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THE    FERMENTATIVE   POWER   OF   PROTOPLASM. 


In  the  introductory  chapter  of  this  volume  we  saw  that  Ui< 
metaboliatn  of  the  living  cell  consisted  of  two  differeut  aeries 
events,  the  one  conatructive,  embrttcing  the  building  up  o 
simple  aubatances  into  complex  ones  and  culminating  in  the 
formation  or  repair  of  the  living  substance  itself;  the  other 
destructive,  marked  by  the  decompoisitiou  of  complex  .sub- 
stances, with  the  ultimate  formation  of  others  of  much  greater 
simplicity.  We  have  seen  further  that  many  of  the  latter 
processes  ai*e  cjirricd  out  by  means  of  enzymes,  whose  modes 
of  action  we  have  since  examined.  But  if  we  turn  otii*  at- 
tention especially  to  intracellular  changes  we  must  recognize 
that  at  present  all  such  changes  cjinnot  be  traced  to  enzymic 
activity.  Indeed  a  very  important  factor  of  the  iutracelluUr 
mechanism  is  the  breaking  down  of  the  protoplasm  itself,  or  its 
"self-decomposition"  as  Pfluger  has  expressed  it. 

The  living  substance  must  be  regartled  as  the  seat  of  a 
multitude  of  chemical  changes,  some  constructive  and  othet^ 
destructive  in  their  nature.  The  incor}>o ration  into  its  sub- 
stance of  the  ultimately  assimilated  proteids,  fats,  and  carbo- 
hydrates, goes  on  continuously,  and  no  sooner  is  it  constructed 
than  it  undergoes  a  species  of  self-decomposition,  giving  rise 
to  many  residues  of  various  kinds,  some  of  which  are  ro- 
incoi-poTated  with  now  material  into  it^  molecules,  while  others 
are  broken  down  still  farther  and  ultimately  eliminated. 

Not  only  does  the  substance  of  the  protoplasm  itself  undergo 
these  decompositions,  but  different  materials  in  the  cells  are 
involved  in  them,  and  the  residues  of  these  are  absorbed  into. 
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and  incorporated  with,  the  living  Bubetance  in  the  same  way  as 
those  which  Kpring  from  its  self-decomposition.  We  find  that 
in  many  cells  there  is  stored  a  reserve  of  nutritive  material, 
not  quite  in  a  suitable  state  for  immediate  assimilation,  but 
ready  to  form  a  nutritive  pabulum  when  split  up  in  the  manner 
indicated.  Xor  are  such  materials  of  use  only  as  supplj-ing 
nutritive  material ;  by  their  decomposition  a  supply  of  energy 
is  afforded  to  the  protoplasm,  of  which  it  avails  itself  in  carrying 
out  constructive  processes.  Under  the  condition  of  an  in- 
sufficient supply  of  oxygtin  also,  the  protoplasm  fR^q^uently 
effects  decompositions  of  the  same  kind,  as  we  shall  see  in 
the  present  chapter. 

These  changes  are  very  largely  of  the  same  nature  as  the 
decompwitious  effected  by  means  of  enzymes,  and  wc  may 
consequently  speak  of  them  as  exhibiting  a  fermentative  power 
of  protoplasm. 

In  discussing  this  power  or  property  of  the  living  substance, 
we  may  confine  it  to  cases  in  which  protoplasm  provokes 
decomposition  of  various  bodies  for  the  purposes  of  preparing 
nourishment  for  itself,  of  liberating  energy  for  its  various 
jirocessea,  or  of  obtaiuing  oxygen  for  respiratory  purposes. 

Such  operations  can  be  observed  more  or  le-ss  easily  in 
almost  all  organisms,  from  the  highest  to  the  lowest,  and  in  both 
the  animal  and  the  vegetable  body. 

We  have  seen  that  the  liver  of  mammals  contains  a 
quantity  of  glycogen  stored  in  its  cells.  Glycogen  is  also  present 
in  the  mu.scles  of  the  trunk  and  limbs.  During  life  there  is  a 
constant  demand  for  carbohydrate  material  by  all  the  living 
substance,  and  this  is  supplierl  partly  by  the  consumption  of 
the  stored  glycogen.  In  an  earlier  chapter  we  have  seen  that  the 
glycogen  of  the  liver  is  probably  converted  into  sugar  by  an 
enzyme  formed  in  the  substance  of  the  cell-protoplasm.  Many 
physiologists  hold  the  opinion  however  that  this  is  not  the  only 
agent  in  the  transformation,  but  that  some  at  all  events  is 
directly  hydrolysed  by  the  proUjplasm.  The  same  appears  to 
be  true  of  the  muscles,  for  up  to  the  present  these  have  not 
been  shown  to  be  capable  of  giving  up  diastase  to  an  extracting 
liquid  to  more  than  a  trifling  extent. 
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The  CDDsuinptiuu  of  the  fat  stored  in  the  various  adipose 
tissues  appears  to  be  due  to  a  similar  cause.     The  fat  miuist 
to  the  nutrition  uot  only  of  the  cells  in  which  it  is  deposited  bu 
also  of  the  rest  of  the  body.    It  must  for  this  purpose  be 
moved  from  the  seat  of  storage,  and  this  removal  almoat  certAinfj 
involves  its  decomposition  with  a  view  to  facility  of  traiis}x>r 
The  enz}Tne  lipase  however  is  by  no  means  universally  pre^ieB 
in  adipoijc  tissue. 

Other  nutritive  matemts  are  also  acted  upon  by  prot^ 
pluHm.    lu  cases  of  starvation  the  substance  of  the  body  dc 
not  diminish  unifonnly;  the  fat  disappears  moat  roadiJy, 
the  muscular  tissue  is  dmwn  upon  verj*  seriously  before  ther 
is  any  wasting  of  the  brain.     Of  the  muscles  those  of  the  ht 
do  not  suffer  till  8on)e  time  later  than  those  of  the  trunk 
limbs.     The  latter  are  practically  digested   with    the   view 
nourishing  the  other  tissues,  and  the  more  important  cardiJ 
muscles  receive  aliment  derived  fh>m  the  consumption  of  those] 
which  are  more  easily  spared.    The  living  substance  itself  must 
therefore   be    capable   of  breaking   up   the    proteid    naateriala 
of  various  parts,  in  the  absence  of  similar  substances  normally] 
supplied  by  the  food. 

The  vegetable  organism  affords  more  examples  of  this  power 
of  protoplasm  than  the  animal  body.     What  is  perhaps  the  ex- 
ception in  the  latter  case  appears  among  the  normal  functions  { 
of  various  vegetable  cells.     The  power  of  the  protoplasm   to 
etfect  the  disruption  of  carbohydrates  is  seen   in   the   trans- 
formation  and  reconstruction  of  the  transitory  starch  which  is 
constantly  going   on   in   various    parts   of  the   higher  plants, 
though  no  doubt  in  many  cases  diastase  here  takes  jiart.     The 
same  power  may  be  noted  in  the  clianges  found  to  take  place 
among  the  various  sugars  that  the  higher  plants  contain ;  the  i 
various  acids  which  are  normal  constituents  of  the  ce11~sap  of] 
succulent  parenchyma  are  probably  if  not  certainly  produced 
from  sugars  in  the  cells.     Kohl  has  suggested  that  they  are 
formed    much    in    the  same   way  as  lactic  acid   is  formed  in 
ceitain  fermeutations  cjuried  (jtit  by  bacteria.     These  acids  are  , 
not  usually  such  simple  ones  as  are  formed  by  microbes;   wej 
find  malic,  citric,  tartaric,  .&c.  instead  of  acetic,  lactic,  butyric,! 
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&C.  This  may  however  be  due  to  the  character  of  the  nieta- 
boUsm  of  the  two  classes  of  cells  respectively,  for  the  action  is 
intracellular  in  both  cases. 

The  lutracellulaL-  digestion  of  proteids  in  the  absence  of  an 
enzyme  can  be  seen  in  the  case  of  the  tuber  of  the  potato. 
The  outer  portion  of  the  tuber  contains  crystals  of  proteid  of  a 
cubical  form,  tlie  proteid  being  probably  one  uf  the  vegetable 
globu1in».  At  the  onset  of  germination  of  the  tubers  these 
ciystals  are  found  to  disappear,  being  made  use  of  in  the  nutri- 
tion of  the  young  shoots. 

The  feiTuentative  power  of  the  protoplasm  upon  cellulose 
can  be  observed  in  almost  all  growing  cells  which  assume  an 
irregular  shapti.  We  have  noticed  in  considering  the  develop- 
ment of  branches  upon  the  hyphs  of  different  species  of  Botrytis 
that  the  accumulation  of  cytase  at  the  points  of  branching  leads 
to  a  softening  uf  the  cell  wall  at  those  spots,  and  that  then  the 
hydrostatic  presf>ure  in  the  hypha  causes  its  gradual  extension. 
The  shapes  of  such  cells  us  form  the  stellate  hairs  upon  the 
leaves  of  Deutzia^  can  be  explained  only  by  taking  into  account 
the  power  of  the  protoplasm  to  soften  the  wall  of  the  ongioally 
nearly  spherical  cell  at  particular  spots,  so  that  in  these  areas 
it  becomes  more  easily  extensible  than  over  the  remainder  of 
its  surface.  The  hydrostatic  pressure  due  to  turgescence  coa- 
sequentty  causes  protrusions  at  the  softened  spots,  and  hcnoe 
the  appearance  of  the  mature  hair. 

Less  conspicuous  cases  are  of  frequent  occurrence  in  the 
interior  of  the  vegetable  tissues.  This  cytolytic  action  of 
pmtoplasm  is  evidently  the  same  thing  as  the  softening  brought 
about  by  cytase. 

Till  very  recently  the  fermeubatious  induced  in  ripe  fruits 
as  demonstrated  by  Lechartier  and  Bellamy,  by  Pasteur,  and 
by  Gerber,  were  held  to  be  illustrations  of  this  [H-operty  of 
protoplasm.  Effront's  researches  point  however  to  their  being 
due  to  the  presence  of  zymase. 

If  we  pass  to  cases  observable  among  more  lowly  forms  we 
6nd  evidence  of  the  same  property  of  living  substance.  The 
leucocytes  of  the  blood  of  vertebrates  may  be  regarded  in  some 
sense  as  independent  bodies,  capable  of  canning  out  their  own 
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proceases  of  nutrition.  MetsclmikofT  has  observed  that  certain 
of  these  corpuscles,  which  he  calls  phagocytes,  are  able  loi 
absorb  and  digest  bacteria  which  have  made  their  way  into  the  ' 
blood  stream.  The  bacteria  themselves  are  capable  of  bringiog 
about  an  almost  infinite  variety  of  similar  decompositions,  many 
of  them  causing  specific  fermentations.  In  a  few  cases  they 
have  been  shoiivn  to  effect  these  changes  by  means  of  enzymes, 
but  this  is  very  far  from  being  universally  the  case.  The  direct 
action  of  their  protoplamn  mtist  consequently  be  recognized  as 
the  exciting  cause  of  these  decompositions.  Various  processeit 
of  intracelluUi-  digestion  occurring  in  the  hyphw  of  Mticor  aud 
other  filamentous  Fungi  demand  a  similar  explanation. 

The  influence  of  deficient  oxygenation  upon  the  metabolic 
processes  of  plants  throws  a  further  light  upon  this  property,  I 
Many  phenomena  have  been  recorded  which  show  how  pro- 
foundly the  ordinary  metabolism  is  modified  when  circumstances 
prevent  their  obtaining  oxygen  freely.  Boehm,  and  later  do  Luca, 
have  shown  that  if  any  part  of  a  living  plant  is  insufficiently 
supplied  with  oxygen,  hydrogen  and  sometimes  marsh-gas  am 
evolved  from  it.  Boussingault  and  Schuiz  have  oljserved 
similar  phenomena  From  plants  containing  mannite  also 
hydrogen  is  given  oflf,  while  according  to  de  Lucb>  acetic  acid 
is  formed  from  malic  acid  in  the  fruits,  flowers,  and  leaves  of 
the  Privet.  In  the  decomposition  of  proteid  too,  Boehm  found 
ammonia  exhaled. 

As  already  mentioned,  we  find  many  specific  fermentations 
set  up  by  micro-organisms  without  any  secretion  of  enzymes, 
several  of  which  call  for  a  brief  notice.  Attention  may  first  be 
given  to  those  which  in  their  normal  metabolism  cause  the 
production  of  quantities  of  various  acids.  The  phenomena  of 
putrefaction  also  may  be  mentioned  in  this  connection. 


Lactic  fermentation. 

The  frequent  appearance  of  lactic  acid  in  solutions  of  sac- 
charine matters  has  been  noticed  from  very  early  times.  Its 
occurrence  explains  the  souring  of  milk  which  is  allowed  to 
remain  exposed  to  the  air,  and  it  was  from  this  phenomenon  that 
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the  acid  formed  derived  its  name,  lactic  acid  being  for  the  first 
time  prepared  froui  whey  by  Scheele  in  1780.  The  acid  is  not 
however  formed  exclusively  from  milk-sugar,  but  it  can  be 
produced  from  glucoses  and  from  almost  all  substances  con- 
vertible into  them.  Bracouuot  found  it  in  a  liquid  obtained  by 
steeping  rice  in  water;  also  in  the  juice  of  the  sugar-beet,  and 
in  infusions  of  peas,  and  seeds  of  other  leguminous  plants.  The 
polysaccharides  offer  more  resistance  to  its  formation  than  the 
glucoses.  Lactose,  which  is  itself  a  member  of  this  group,  lends 
itself  much  more  readily  to  lactic  than  to  alcoholic  fermentation. 
Bourtfuelot  states  that  the  formation  of  lactic  acid  is  not  preceded 
by  hydi-olysis  as  is  the  production  of  alcohol.  The  reactions  which 
take  place  may  be  expressed  by  the  equations  C*Hi30(  =  2CjH(0,, 
and  in  the  case  of  polysaccharides  CuHaOi,  +  HjO  =  4C,H,0„ 
the  last  term  being  the  formula  for  lactic  acid. 

Besides  the  sugars  mentioned,  lactic  acid  may  be  produced 
from  sorbite,  inasit,  mannite,  and  dulcite ;  also  from  malic  acid, 
carbon  dioxide  in  this  case  being  evolved,  according  to  the 
equation  C4H,0,  =  C,H(03  +  COj,.  It  occurs  also  in  the  butyric 
fermentation  of  many  carbohydrates. 

Lactic  fermentation  arises  from  the  activity  of  many  species 
of  microbe,  inclnding  the  bacteria  found  in  pus,  Micrococcus 
prodiffioaim,  Erberth's  bacillus,  Bacterium  coli  cwmmmte,  and 
others.  The  most  energetic  form,  the  one  which  is  most 
frequently  found  in  suur  milk,  is  the  organism  observed  and 
described  by  Pasteur,  Bacterium  acidi  Inctici.  This  microbe 
appears  under  the  microscope  as  rounded  globules,  or  short 
rods  slightly  constricted  in  the  middle;  they  arc  generally 
isolated,  but  sometimes  form  chains  two  or  three  cells  in  length. 
They  are  capable  of  forming  spores,  which  are  found  at  their 
extremities.  These  otfer  a  considerable  resistance  to  the 
destructive  action  of  heat. 

The  microbe  is  aerobic,  and  requires  considerable  quantities 
of  oxygen.  It  is  killed  by  exclusion  of  this  gas  from  a  liquid 
in  which  it  is  living.  It  flourishes  beat  in  a  neutral  meilium, 
and  consequently  in  cultivating  it  it  is  advisable  to  add  a 
quantity  of  powdered  chalk  to  tfao  milk  or  saccharine  solution. 
This  neutralises  the  lactic  acid  as  fast  as  it  is  formed,  and  the 


346 


BUTTRIO  FBRMENTATtOK. 


[CB. 


fermentation  can  con»equentI^  proceed.  An  alkaline  znediam 
is  also  unfavourable  to  its  activity.  If  the  fermentation  is 
allowed  to  go  on  vrithout  noutralLsation  of  the  acid,  it  is  found 
that  the  action  of  the  organism  is  usually  stopped  when  about 
8  per  cent,  of  lactic  acid  has  been  formed.  ^ 

For  the  cultivation  of  the  lactic  microbe  it  is  neceseaiy  foi^ 
the   Biiid    to   contain   a   certain   amount  of  proteid    naaterial 
bemdes  the  sugar.     It  grows  most  readily  at  a  temperature  of 
ubtnit  as'*  C. 

Lactic  acid  has  often  been  detected  in  the  contenta  of  the 
mammalian  stomach  during  digestion,  and  considerable  dis- 
ctis»iou  has  taken  place  as  to  its  cause.  Many  observer?  haveJ 
argued  in  favour  of  its  being  a  product  of  bacterial  action  therewl 
Others,  among  whom  may  be  mentioned  Hammarsten.  havej 
attributed  its  presence  to  the  secretion  of  a  special  enzyme  byj 
the  gastric  mucous  meinbrane.  It  is  said  that  certain  gastricJ 
extracts  have  been  treated  with  yodium  hydrate  soUitioQ  of  j 
such  ttmceiitnition  as  to  destroy  both  pejwin  and  rennet.  After  f 
renioval  of  the  excess  of  sodn,  the  liipiid  has  been  capable  ot 
bringing  about  the  conversion  of  milk-sugar  into  lactic  acid. 
The  enzyme  cannot  however  be  said  at  present  to  have  been 
satisfactorily  isolated.  Maly  has  stated  that  when  glucose  has 
been  fyrment^  in  thp  presence  of  the  mucous  membnme  of  the 
stomach  of  the  pig.  a  variety  of  lactic  acid  has  appeared  among 
the  products.  Tht;  conditions  of  Ids  experiments  do  not  seem  , 
however  to  have  entirely  excluded  the  pt>ssibiUty  of  the ' 
preaence  of  micro-organisms.  Other  observers  have  attributed  i 
the  same  property  to  the  gastric  mucous  membrane  of  herbi- 
vora. 


Butyric  fermentation. 

It  is  generally  found  that  in  the  souring  of  milk  there  is  a  I 
formation  of  butyric  acid,  which  appears  to  take  place  at  the 
expense  of  some  of  the  lactic  acid  which  is  6rst  formed.  The 
chief  agent  in  its  production  i.s  a  special  microbe,  which  has 
been  named  by  different  observers  Clostridium  batyricum,  Vihi'io 
biityncus,  A  mylohacter  Clostridium,  and  Baciliua  amylohacter.   I( ; 
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consistH  of  slender  cylindrical  ruds  which  are  occasioually  united 
into  short  rows.  Sometimes  they  are  found  in  active  move- 
ment ;  at  others  they  are  gathered  together  into  a  zooglayi. 
They  are  often  very  irregular  in  shape ;  when  they  produce 
their  spores,  the  latter  are  solitaiy  in  each  cell,  and  are  generally 
found  at  about  the  middle  of  its  long  diameter,  catLsing  the  rod 
to  have  a  somewhat  fusiform  appearance.  This  nrganisni  is 
verj'  widespread,  and  may  genyrally  be  found  accompanying 
the  lactic  acid  microbe.  It  differs  in  its  habit  of  life  from  iho 
latter,  being  anaerobic  and  easily  killed  by  the  presence  of  free 
oxygen. 

Butyric  acid  is  produced  by  this  organism,  not  only  from 
lactic  acid  and  subMtance-s  which  can  give  rise  to  the  latter,  such 
OS  sugar  and  starchy  bodies,  but  also  from  higher  acids,  such 
as  tartaric,  citric,  malic  and  mucic  acids.  The  decomposition 
which  it  provokes  in  these  substaiKVs  is  of  a  somewhat  complex 
character,  being  usually  marked  by  the  disengagement  not  only 
of  carbon  dioxide^  but  of  free  hydrogen  as  well.  According  to 
Van  Tieghem,  it  Uaa  also  the  power  of  splitting  up  certain 
varieties  of  cellulose,  ur  of  pectic  cumpuuuds  associated  with  the 
latter,  particularly  the  middle  lamella  of  the  cells  of  many 
tissues.     It  does  not,  however,  attack  starch. 

The  bacillus  is  constantly  fcniud  in  the  alimentary  canal  of 
animals,  particularly  such  as  are  herbivorous.  It  no  doubt 
plays  a  very  important  part  in  the  digestion  of  cellulose  in  the 
mammalian  Ixniy.  De  Bary  suggests  that  this  digestion  occurs 
in  two  stages;  hydrolysis  of  the  cellulose  first  takes  place  by 
virtue  of  a  cytolytic  enzyme,  resulting  in  the  formation  of 
dextrin  and  glucose,  and  these  subsequently  undergo  butyric 
acid  fermentation.  This,  however,  cannot  at  present  be  con- 
sidered proved. 

Many  other  microbes  than  Bacillus  amt/lobacter  are  capable 
of  giving  rise  to  the  butyric  fermentation.  Among  them  may 
be  mentioned  the  Bucillits  butylicus  of  Fitz,  which  can  ferment 
glycerine,  liberating  carbon  dioxide  and  hydrogen,  and  leaving 
in  the  solution  butylic  alcohol,  butyric  and  lactic  acids,  propy- 
leoic  glycol,  and  traces  of  two  other  alcohols.  This  bacillus  is 
one  of  the  few  forms  at  present  known  to  secrete  invertase. 
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Hueppc'a  bacillus  is  another  intereeting  form,  from  the  fad 
that   it   not  only   forms    butyric  acid    from    lactates,    but 
liquefies  gelatin,  and  excretes  the  soluble  enzymes  tiypsin 
i-ennet. 

Bacillus  ethylicus  is  C4ipable  of  exciting  butyric  fermentation 
in  a  thin  Btarch>paste,  pnnided  the  reaction  is  kept  neutral  by 
the  presence  of  powdeitd  chalk.  The  fermentation  is  preceded 
by  hydrolysis  of  the  starch,  brought  about  by  diastase  which  is 
secreted  by  the  microbe.  The  formation  of  the  but^-ric  acid  in 
this  ca»c  is  direci,  no  intermediate  occurreDce  of  lactic 
being  noticeable. 

Among   other   bodiej*   capable   of  undergoing    butyric 
mentation    by   various  microbes,  may  be  mentioned    nianni 
qtiercite,  and  glycerine. 

The  optimum    lemporature   of  butyric    fermentatiun    is 
little  higher  than  that  of  lactic,  being  39— 40^  C. 

The  products  of  the  butyric  fermentation  are  generally 
complicated  by  secondary  reactions  taking  place  in  the  liquid. 
The  nascent  hydrogen  frequently  cftccts  processes  of  reductioi 
among  the  various  bodies  present.  Succinic  and  ralcric 
can  often  be  detected  among  these. 


Propionic  fermentation. 

Under  the  action  of  certain  bacilli,  lactic  acid,  when  in 
combination  with  lime,  undergoes  a  different  decora  position, 
being  converted  into  several  fatty  acids,  among  which  arc  acetic 
and  valeiic,  the  most  prominent  of  them  however  being  propionic 
acid.  This  decomposition  was  first  observed  by  Strecker  in 
1854,  in  a  fermenting  liijuid  kept  for  several  months  at  a  low 
temperature.  Fitz  has  described  a  form  of  bacillus  which  can 
bring  about  this  transfonnatiou  ;  it  is  un  elongated  slender 
orgauisuip  forming  curved  chtuus  consisting  of  several  cells 
joined  end  to  end.  In  the  fermentation,  the  lactic  acid  splits 
up  into  two  parts  of  propionic  and  one  of  acetic  acid,  carbon 
dioxitic  and  water  being  simultaneously  formed.  It  differs  frvim 
the  butyric  fermentation  of  the  same  acid  in  not  disen; 
hydrogen. 
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Another  bacillus,  also  investigated  by  Fitz,  decomposes 
malic  acid  into  almost  the  same  products,  but  the  relative 
quantity  of  propionic  acid  is  greater,  and  traces  of  butyric  acid 
and  alcohol  are  simultaneously  formed. 


I 


Citric  fermentatiotK 

During  the  year  1892,  it  was  shown  by  Wehnier  that  under 
certain  circumstances  gincosw  <yiii  be  made  to  give  rise  to 
citric  acid.  This  change  is  brought  about  by  two  separate 
species  of  moulds  or  filamentous  fungi,  tu  which  their  discoverer 
gave  the  names  of  Citromi/ces  pfeffeHanus  and  iJ.  tjUiber,  respec- 
tively. They  form  veils  of  dense  mycelium  of  a  green  colour, 
about  five  millimetres  thick,  on  the  surface  of  suitable  solutions. 
The  most  favourable  sugar  for  their  development  is  glucose,  but 
they  are  not  dependent  upon  that  form  alone.  The  fermenta- 
tion is  accompanied  by  the  evolution  of  carbon  dioxide,  and  the 
citric  acid  produced  is  identical  in  properties  and  composition 
with  that  obtained  from  lemon  juice.  Under  proper  couditions 
the  quantity  of  acid  formed  corresponds  to  more  than  fifty  per 
cent,  of  the  glucose  employed.  Eleven  kilogrammes  of  sugar 
jaelded  six  kiktgi'ammcs  of  pure  citric  acid  in  one  experiment, 
without  the  appearance  of  any  secondar)'  products.  To  secure 
this  re.sult,  however,  it  is  necessary  to  precipitate  the  citric  acid 
when  it  has  reached  a  certain  percentage,  an  a  concentration  of 
20  per  cent,  is  deleterious  to  the  fungi  and  checks  their  growth. 

The  fungus  cannot  excite  the  fermentation  in  the  absence 
of  air;  it  is  deleteriuusly  affected  even  by  the  accumulation 
of  the  carbon  dioxide  which  is  evolved  during  the  process.  It  is 
indcpendoDt  of  light,  but  the  temperature  needs  to  be  carefully 
regulated. 

The  presence  of  inorganic  acids  iu  the  fermenting  liquid  is 
very  deleterious,  while  neutral  chlorides  favour  the  production 
of  citric  acid. 

If  the  fermentation  is  allowed  to  proceed  too  far»  the  citric 
acid  itself  is  attacked  and  decomposed. 

The  process  of  acidification  is  not  uniform,  but  its  rate 
describes  a  rather  suddenly  ascending  and  descending  cun*e, 
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which  is  in  close  relation  to  the  amount  of  the  decompositiuflfl 
of  the  sugar  effected  by  the  fun^nis.  ^ 

In  connectiun  with  ihiu  fermentation  it  is  interestang  to 
note  that  citric  acid  is  occasionally  present  in  the  Juice  of  tb^| 
sugar-cane,  indicating  an  action  of  the  protoplasm  of  the  cells    i 
of  the  latter  similar  to  that  of  the  fungi  under  discussion. 


Oxalic  fermentatioit. 

Several  fungi,  particularly  Fenicilium  and  Scleroti$tia,  are 
known  to  be  capable  of  giving  rise  to  oxalic  acid  when  culti- 
vated in  solutions  of  sugar.  The  same  power  resides  in  certain 
of  the  Saccharomycetes,  one  of  which,  S.  Hansenti,  has  been 
deecribed  by  Zopf  When  cultivated  in  beer-wort,  solutions  of 
sugar,  or  mauuite,  it  forms  a  pellicle  on  the  surface,  which  soon 
sinks  through  the  liquid.  If  chalk  is  added  to  the  fluid  in  which 
this  organism  is  growing  so  as  to  neutralise  the  acid  as  it  is  pro- 
duced, large  quantities  of  nxalale  of  calcium  arc  formed.  Tho 
yeast  cau  form  oxaUc  acid  from  galactose,  glucose,  cane-sugar,  \ 
lactose  and  maltose ;  also  &«m  dulcite,  mannibe,  and  glycerine.   ■ 

The  oxalic  acid   fermentation  contrasts  somewhat  sharply       * 
with  the  citric  in  certain  re.sp*^ct-M.     While  a  rise  of  temperature 
and  the  presence  of  neutral  chlorides  are  advantageous  to  the  I 
latter,  they   promote    the   destruction  of  the  oxalic  acid  and' 
prevent  its  ^Kcuniulation  in  the  cultivations. 

Besides  these  fermentations  many  others  have  been  observed 
in  which  various  microbes  are  concerned,  but  no  very  complete 
study  has  been  made  of  the  morphology  of  the  latter,  or  the 
exact  nature  of  the  changes  they  effect.  Many  of  these  fer- 
mentations are  probably  very  complex,  several  different  microbee 
taking  part  in  them  either  simultaneously  or  successively,  and 
many  interactions  taking  place  betweeu  the  various  products.  i 

A  particular  bacillus  is  said  to  decompose  malic  acid  with  fl 
the  formation  of  succinic  and  acetic  acids,  carbon  dioxide  and       ' 
water  being  simultaneously  produced.     Others  which  may  be 
prepared   from  hay  have  the  power  of  fermenting  erythrite, 
giving  rise  to  butyric  acid  with   traces  of  formic  and  acetioi 
acids.     Others  again  decompose  erythrite  into  butyric,  aoeticJ 
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caproic  and  succinic  acids,  traces  of  alcohol  also  being  fonned. 
Glycerine  also  can  be  split  up  by  several  of  these  orgjinismii 
besides  the  butyric  microbe  aheady  alluded  to.  A  particular 
micrococcus  is  known,  which  slowly  decomposes  it  with  forma- 
tion of  ethyl  and  other  alcohols,  and  butyric,  fonnic  and  acetic 
acids,  the  last  two  being  in  small  quantity.  The  microbe  of 
pus,  B.  pyocyanexiii,  produces  succinic  acid  in  addition.  Certain 
other  micro-organifms  can  decompose  the  calcium  salt  of  quinic 
acid ;  some  anaerobic  forma  yield  fonnic,  acetic,  and  propionic 
acids  at  its  expense;  others  which  are  aerobic  oxidise  it  bo 
pyrocatechic  acid.  Several  other  acid  fermentations  of  a  similar 
kind  are  known. 


Acetic  fermentation. 

When  alcoholic  licjuids  are  allowed  to  remain  exposed  to  the 
air.  they  speedily  become  attacked  by  micro-organisms.  Very 
soon,  if  the  concentration  of  the  spirit  is  not  too  great,  a  kind 
of  pellicle  or  skin  can  be  found  upon  the  surface  of  the  litpiid, 
which  sometimes  remains  thin  and  delicate  and  easily  broken, 
and  at  other  times  nttain.s  a  considerable  thickness.  In 
some  cases  the  formation  of  the  pellicle  i»  accompanied  by  a 
growth  of  the  organism  in  the  body  of  the  liquid,  when  a  largo 
amount  of  viscous  matter  may  be  produced.  Coincidently  with 
_  the  growth  of  the  microbes,  the  alcohol  of  the  liquid  becomes 
I       decomposed  and  is  replaced  partly  or  wholly  by  acetic  acid. 

The  pellicle  was  named  Mycoderma  by  Persoon  in  1822;  he 
noted  its  botanical  nature,  and  rightly  concluding  it  to  be  a 
fungoid  growth,  named  it  accordingly. 

Kutzing  reinvestigated  the  subject  in  1837,  and  described 
the  organism  vua  consi.sting  of  a  number  of  small  circular  bodies 
arranged  together  in  the  form  of  chains.  He  was  the  first 
observer  to  note  that  the  development  of  the  acetic  acid  was 
connected  with  the  presence  of  the  microbe.  He  erroneously 
classed  the  latter  among  the  Algte,  naming  it  Ulvina  aceti 

About  the  year  1821  light  was  first  thrown  upon  the 
process  of  acetification.  Before  that  date  it  was  known  in  a 
general  way  that  acetic  acid  was  fonned  from  alcohol,  and  that 
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the  access  of  air  waa  necessaiy  for  the  process,  but  no  raMb 
fur  the  phenomena  were  known.  Lavoisier  stated  that  acetk 
fermentation  was  effected  by  the  absorption  of  oxygen  from  tiM 
air.  In  1K21,  however,  Edmund  Davy  discovered  that  wba 
platinum  black  was  moistened  with  alcohul,  it  became  incta* 
descent,  and  the  coiisumptinn  of  the  spirit  thereby  induced  vai 
attended  by  the  formation  of  acetic  acid.  His  discovery  m 
confirmed  two  yejirs  afterward}*  by  D<j'bereiner,  who  canied  ii 
further  by  showing  that  the  alcohol  absorbed  oxygen,  a&d 
became  decomposed  into  acetic  acid  and  water. 

By  most   of  the  writers   who  succeeded    Doebereiner  the 
mcmbnuie   of  the   inycodcrma  was   compared    with    pl&tinizm. 
black  as  an  excitant  of  the  decomposition,  and  was  held  to  m4| 
in  a  similar  way.     Berzelius  in  1829  taught  that   the  action 
the  pellicle  was  due  to  acetic  acid  enclosed   within    its  porea.1 
Liebi)]^  considered  the  mycoderma  to  be  devoid  of  life,  a  atruc-l 
tareless  precipitate  of  albuminou.s  matter,  and  held  that  it  wtti 
a  porous  substance  like  platinum  black  and  that  its  action 
connected  with  its  porasity  and  the  oxygen  thus  mochanicaU]! 
entangled  iu  it.     Uc  believed  that  the  formation  of  the  ao^iel 
acid  'was  due  to  a  movemeiit  or  vibrutiou  set   up    bv   matt 
undergoing  decomposition,  as  he  taught  in  the  case  of  alcoholi 
feruieutatioii.    The  vibmtion  in  the  present  case  provoked  tba 
oxidation  of  the  alcohol. 

Pa^steur  himself  faile<l  to  see  the  actual  i»rt  played  by 
organism.  He  recognised  the  accuracy  of  Riitzing's  work 
showed  experimentally  that  the  opinion  of  the  latter  as  to  tlie 
function  ut'  the  mycoderma  wtia  accurate.  He  a^rreed  however 
with  Liebig  that  the  fungus  acted  after  the  manner  uf  platinum 
black.  He  showed  niureover  that  not  only  was  alcohol  oxidiscwj  \ 
during  its  activity,  but  that  if  the  action  was  prolonged  thei 
acetic  acid  also  was  decomposed,  carbon  dioxide  and  water  beiitf  I 
the  only  pnMlucts. 

It  was  not  till  1S73  that  it  was  clearly  shown  that  the  two 
modes  of  producing  acetic  acid  from  alcohol  are  not  compaimble. 
Von  Knieriem  and  Ad.  Mayer  pointed  out  several  differenoea. 
Platinum  black  oxidises  both  conceutrated  and  dilute  alcohol, 
while  the  mycoderma  cannot  attiick  alcohol  of  greater  ooDOeo- 
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tration  than  14  per  cent.  Acetic  fermentation  proceeds  most 
actively  at  35'  C  and  the  organism  cannot  work  at  a  point 
higher  than  40"  C. ;  platinum  black  becomes  more  and  more 
efficacious  as  the  temperature  rises,  and  the  action  may  become 
BO  violent  that  the  mctnl  becomes  incandescent. 

The  phenomenon  gradnally  came  to  be  congidered  a  bio- 
logical process,  corresponding  in  all  essential  features  with 
the  alcoholic  fermentation  induced  by  yeast. 

The  action  was  at  first  held  to  be  always  due  to  one  par- 
ticular fungus,  but  later  work  carried  out  by  many  observers 
has  shown  this  to  be  erroneous.  The  form  which  is  most 
commonly  met  with  was  named  Mycod^-ma  aceti  by  Pasteur, 
but  was  referred  later  to  the  genus  Bacterium  by  Zopf.  Hansen 
distinguished  two  species  of  this  genus  which  are  capable  of 
acetifying  alcoholic  sotutions,  and  he  named  them  B.  aceti  and 
B.  Pasteurianum.  Two  other  species  have  been  described  by 
A.  J.  Brown  under  the  names  of  B.  aceti  and  B.  .ri/linum.  The 
former  does  not  appear,  in  the  light  of  later  researches,  to  be 
identical  with  Hansen's  organism  bearing  the  same  name. 
Lafar  has  Isolated  and  cultivated  an  acetifying  organism  be- 
longing to  the  Yeasts:  he  found  it  present  in  an  acid  beer. 

Bertraud  hat*  de&cribed  a  fission  fungus  which  has  the  power 
of  attacking  sorbitol,  an  alcohol  iaomeric  with  mannitol ;  it 
converts  it  into  a  ketose  or  ketone  sugar  known  as  sorbinose 
or  sorbose.  This  fungus  has  not  however  been  accurately 
identified. 

A  very  careful  investigation  into  the  acetous  fermentation 
»et  up  by  Bactenum  aceti  was  made  in  1886  by  Adrian  J.  Brown. 
He  obtained  the  organism  in  a  pure  condition  by  a  combination 
of  the  fractional  method  of  Klebs  and  the  dilution  method  of 
V.  Nageli.  So  cultivated,  it  formed  a  Komewhat  greasy  pellicle 
covering  the  surface  of  the  liquid  and  inclined  in  its  early 
stages  of  growth  to  creep  up  the  moist  sides  of  the  vessel  con- 
taining it.  When  grown  on  diluted  claret  the  coating  or  veil 
attained  the  thickness  of  ."^tout  paper.  Slight  agitation  easily 
broke  the  surface  of  the  pellicle,  and  when  the  latter  was  com- 
pletely wetted  it  .sank  to  the  bottom  of  the  liquid.  A  fresh 
growth   however  speedily   appeared   upon   the  surface.     The 
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liquid  below  the  veil  became  turbid  from  the  preoeoce  nt 
isolated  cells  of  the  organism,  and  after  some  weeks  a  cocuidet- 
able  quantity  of  the  latter  had  smuk  to  the  bottom  of  the  vessel 
When  the  pellicle  was  examined  under  the  micaoscope  St 
appeared  t4>  be  a  mastt  of  cells  averaging  2^  in  length,  bol 
showing  a  good  deal  of  difference  in  this  reepect.  The  cells  w«^ 
slightly  contracted  in  the  middle,  and  presented  triaghly  the 
appearance  of  a  figure  of  8.  They  were  united  together 
in  chains  of  variable  length.  Sometimes  the  cells  were  divided 
in  the  middle,  producing  chains  of  micrococcua-like  foraui  In 
the  liquid  below  the  surface-film  longer  cells  were  found, 
sometimes  reaching  a  dimension  of  10 — iofi;  iu  some  coses 
their  form  was  that  of  leptothrix  threads  of  equal  thickness 
throughout;  in  uthera  the  long  cells  were  swollen  cat  in 
two  or  three  places  along  their  length,  giving  them  a  venr 
irregular  appearance.  These  cells  were  generally  of  a  dark 
grey  colour.  At  their  ends  short  chains  of  stnall  rods  or 
micrococci  were  sometimes  observed.  Other  forms  frequenjly 
seen  were  short  rods  o(  about  3/i  in  length  and  loicrococci  oi 
about  Ifi  in  diameter,  which  Hoated  freely  in  the  culture  liquid 
The  shorter  rods  and  cells  were  motile. 

A  litre  Hask  half  full  of  a  o  per  cent,  sterile  solution  of  pan 
ethyl  alcohol  in  yeast  water,  possessing  a  neutral  reaction^  was 
inoculated  with  a  trace  of  a  pure  culture  of  the  organism,  an< 
kept  at  a  temperature  of  28"  C.  for  10  daya  It  was  then  foi 
to  contain  rather  more  than  1  per  cent,  of  acetic  acid  and  « 
very  slight  trace  of  a  non-volatile  acid  which  appeared  to  be 
succinic. 

When  the  microbe  was  cultivated  in  a  solution  containing 
'75  per  cent  of  acetic  acid  but  no  alcohol,  and  was  kept  at  the 
same  temperature  for  six  weeks,  two-thirds  of  the  acid  disap- 
peared, being  cvidised  to  carbon  dioxide  and  water. 

When  on  alcoholic  solution  was  allowed  to  ferment  until  all 
the  alcohol  was  converted  into  acetic  acid,  and  the  experiment 
then  continued,  the  acid  so  formed  was  decomposed  oven  muiv 
quickly,  the  same  products  being  formed. 

The  oxidation  of  the  alcohol  takes  place  in  two  stages; 
there  is  first  a  fonnation  of  aldehyde,  which  is  subsequently 
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converted  into  acetic  acid,  the  reactions  being  expressed  by  the 
equations 

2CH,CH,0H  +  O,  =  '2CH,C0  H  +  2H,0 ; 
2CH,C0H  +  0.=  2CH3COOH. 

B.  nceti  was  found  by  Brown  to  be  capable  of  oxidising 
propylic  alcohol  to  propionic  acid,  but  it  was  not  able  to  de- 
compose either  mcthylic,  butylic,  or  amylic  nlRoho). 

Boutroux  stated  in  1880  that  when  B.  aceti  was  cultivated  in 
a  sohitiou  of  glucose  it  converted  the  latter  into  gluconic  acid. 
During  the  progress  of  the  action  the  solution  was  kept  neutral 
by  the  presence  of  calcic  carbonate,  which  ncutralisc<]  the  acid 
as  it  was  formed. 

Bloudeau  also  noted  that  sugar  could  be  converted  into  an 
acid  by  the  organism,  without  passing  through  the  stage  of 
alcohol.  Browu  confirmed  these  observations  and  suggested 
the  following  equation  as  expreasing  the  reaction— 

2CHaOH(CHOH),COH+03  =  2CH,OH(CHOH).COOa 

The  oxidation  is  thus  seen  to  affect  the  aldehyde  group  in  the 
eugar  just  as  in  the  case  of  the  second  stage  of  the  oxidation  of 
ethylic  alcohol 

The  orgauiam  wan  fuuud  to  be  incapable  of  attacking  cane- 
augar. 

The  alcohol  inannitol,  which  corresponds  to  the  aldehyde 
glucose,  was  also  examined.  Brown  cultivated  the  organism  in 
a  2  per  cent  solution  of  niannitol,  Pasteur's  mineral  medium 
and  a  little  gelatin  being  added  an  food  for  the  bacillus.  The 
culture  was  continued  for  six  weeks,  at  the  expiration  of 
which  time  the  .solution  had  acquired  a  very  sweet  taste  and 
reduced  Fehling's  fluid  freely.  It  was  then  found  that  the 
inannitol  had  completely  diaappeured,  having  been  oxidised  to 
levulose.  The  sugar  was  idculitied  by  its  reducing  power 
and  its  optical  activity,  and  further  by  its  power  of  fonning  a 
crystalline  compound  with  lime,  according  to  Dubrunfaut's 
process. 

The  organism  cannot  decompose  lactose,  starch,  dulcitc,  or 
levulose ;  it  con  convert  glycol  into  glycollic  acid. 

Another  organism  which  possesses  the  power  of  forming 
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acetic  acid  at  the  expense  of  ethylic  alcohol  is  the  so-caIle<i 
vinegar  plant,  which  also  has  been  investigated  hy  Bruvu. 
who  has  given  it  the  name  of  Bacterium  x^linum.  This,  like 
B.  aceti,  is  an  aerobic  organism,  found  growing'  on  the  sorfiioe  oi 
the  culture  fluid,  and  forming  there  a  jelly-like  translucent  naet, 
sometimes  as  much  as  25  mm.  in  thickness.  This  membrane  l- 
slightly  heavier  than  water  and  sinks  when  conaplciel)'  wetted 
a  further  growth  commencing  at  once  above  the  old  laver 
Frequently  5  or  6  layere  of  growth  are  thus  formed,  so  tb&t 
the  veil  or  pellicle  appears  laminated.  If  the  organism  is 
cultivated  in  a  liquid  unfavourable  to  its  free  growth,  such  u 
yeost-water,  it  appears  as  a  jelly-like  transparent  maes  at  tb^ 
bottom  of  the  solution.  This  gradually  increases  in  size  till 
the  liquid  is  almost  entirely  filled  with  it  The  jelly  wbec 
treated  with  sulphuric  acid  and  iodine  takes  on  a  deep  bine 
coloration,  indicating  that  it  is  composed  of  cellulose  It  iieevm 
to  be  made  up  of  extremely  diffluent  membranes  of  the  organism 
formiiig  a  kind  of  zoogloea. 

When  a  film  of  the  vinegar  plant  is  examined  microscopi- 
cally it  is  found  to  consist  of  bacteria  ai-rangcd  more  or  les^  ic 
lines  and  lying  embedded  in  a  transparent  structureless  sbealK- 
These  bacteria  are  most  commonly  found  as  rods  about  S/t  id 
length,  several  often  being  united  together.  In  old  cultivati^iti^ 
the  rods  are  frequently  to  a  large  extent  replaced  by  niicrocooci 
about  "5/1  ia  diameter.  When  the  or^iusm  has  been  cultii*aie<I 
in  an  unsuitable  medium,  such  as  yeast-water,  it  appears  as 
long  twisted  threads,  from  lU — 30^  in  length  aud  of  a  leptothrii 
nature,  differing  however  in  appearance  from  the  similar  threads 
of  B.  aceti. 

The  organism  grows  best  at  a  temperature  of  about  28' C. 
Above  36"  C.  it  ceases  to  develop. 

The  fermentations  set  up  by  B.  xylinum  are  similar  to  thoic 
caused  by  B.  aceti.  Ethylic  alcohol  is  oxidised  to  acetic  acid, 
and  the  acid  subsequently  entirely  destroyed.  Glucose  is  on- 
dised  to  gluconic  acid  and  mannitol  to  levulose.  The  organisiii 
has  no  oxidising  action  on  cane-sugar,  starch,  or  levulose.  The 
great  difference  between  the  two  is  the  lai-ge  amount  of  celluloee 
formed  by  B.  xylinum. 
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NUric  fermentoHon. 

The  decay  of  organic  matter  in  the  aoil,  whether  it  is 
derived  from  the  U^ris  of  vegetable  or  animal  matter,  ia  ns- 
socintetl  with  the  formation  of  ammonia  or  its  cnmpcmnils. 
Ammonium  salts,  especially  the  sulphate,  are  constantly  in  use 
among  agriculturists  for  purposes  of  manure.  The  compounds 
of  ammonia  are  however  not  so  easily  madu  use  of  by  green 
plants  iLs  are  the  salts  of  nitric  acid.  It  has  long  been  known 
that  the  soil  is  the  seat  of  a  variety  of  chemical  changes,  among 
which  the  formation  of  such  salts  from  compounds  of  ammonia 
is  especially  prominent. 

Nitrijicntion,  us  this  process  is  called,  was  formerly  regarded 
aa  a  purely  chemical  process.  Like  the  oxidation  of  alcohol,  it 
can  be  effected  thruugh  the  agency  of  platinum  black.  If  a 
mixture  of  air  and  ammonia  gas  is  heated  gently  in  a  tube 
containing  spongy  platinum,  the  latter  becomes  white-hot,  and 
forms  ammonium  nitrate  at  the  expense  of  the  gaseous  mixture. 
The  in6ueuce  of  porosity,  and  the  free  oxygen  entangled  iu  the 
interstices  of  the  porous  bofly  were  held  to  be  the  explanation 
of  the  oxidation  in  the  soil  as  they  were  iu  the  case  of  acetification. 

That  the  phenomenon  is  to  be  regarded  as  biological  and 
not  purely  chemical  may  be  attributed  to  the  researches  of 
Schlosing  and  Miintz,  which  were  published  in  1877.  They 
found  that  the  conditions  of  nitrification  strongly  suggested 
bacterial  agency.  The  process  is  hardly  noticeable  at  a  low 
temperature,  such  ns  S^C;  as  the  temperature  rises  it  becomes 
more  marked,  and  reaches  a  maximum  at  37" C.  Beyond  this 
point  it  grarlnally  weakens  and  cannot  be  observed  above  55"  C. 
They  found  that  soil  which  had  been  heated  to  100"  C.  was  not 
subsequently  capable  rpf  exhibiting  the  process. 

By  introducing  smalt  quantities  of  soil  into  a  fluid  medium 
containing  a  salt  of  ammonium,  preferably  the  chloride,  nitrifi- 
cation of  the  latter  can  be  made  to  take  place. 

Experiments  made  subsequently  by  many  obsoncrs  have 
shown  that  the  compounds  of  nitrogen  found  in  liquids  and  soils 
which  are  the  .seat  of  nitrification  are  not  always  the  same.  In 
some  cases  nitrite  and  in  others  nitrates  are  produced.    A  long 
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series  of  investigations  has  shown  that  the  action  takes  pUce  in 
two  stages;  in  the  Brst  the  ammonium  salt  is  oxitliseil  to  the 
condition  of  a  nitrite  and  subsequently  further  oxidation  jin;»- 
duccs  nitrates  from  the  latter. 

SchlGfiing  and  BfUntz  originally  attributed  the  action  to  a 
single  organism,  which  they  considered  oxidised  the  ammonium 
salt  to  the  condition  of  a  nitrate,  and  they  held  that  Uie 
nitrites  found  were  the  result  of  purely  chemical  prooesMS  of 
reduction.  They  described  the  microbe  as  consisting  of  oon 
pusclcs.  round  or  slightly  eloDgated,  of  varying  dimonsianSr 
largest  when  gnjwn  in  media  rich  in  organic  matter,  but  at 
all  times  ver}'  small ;  occurring  either  singly  or  in  pairs,  aiui 
multiplying  by  division. 

The  researches  of  Warrington  in  EnglanJ  and  Wiuogradakr 
on  the  continent  have  satisfactorily  shown  that  two  distinct 
micro-organisms  play  a  part  in  the  process  of  nitrification,  and 
that  probably  more  than  one  species  of  each  exist?. 

One  of  these  has  the  power  of  oxidising  salts  of  ammonium 
to  the  condition  of  compounds  of  nitrous  acid.  When  in  a 
pure  ctdturc  this  stage  has  been  reached  no  further  oxidation 
takes  place.  Winogradsk}*  has  established  two  genera  of  these 
organisms,  Nilrosomoiias  and  NitTosococcM^  the  former  being 
somewhat  strangely  only  found  in  the  soils  of  Europe,  Asia. 
and  Africa,  the  tatter  in  thoee  of  America  and  Australia. 

The  fonn  of  nitrosomonaa  as  cultivated  by  WinogradHky  in 
an  ammoniacnl  solution  is  generally  that  of  on  elongated  ellip- 
soid, but  the  youngest  celb  are  nearly  spherical.  The  breadth 
does  not  exceed  1/i  nor  the  length  11 — 18^  The  longest  are 
those  about  to  divide  and  they  then  exhibit  a  dumb-bell  fonn. 
More  rarely  the  organism  is  spindle-shaped  with  blunt  cuds 
A  chain  of  3 — 4  individuals  is  very  rare. 

When  the  Nitrosomonaa  is  cultivated  in  an  aqueous  solution 
of  sulphate  of  ammonium  to  which  some  carbonate  of  magnesium 
has  been  added,  three  stages  can  be  notefl  in  its  growth.  AfVer 
about  4  days  isoljited  colonies  appear  in  the  liquid,  each  of 
which  is  included  in  a  gelatinous  mass  of  the  nature  of  a 
zoogloBa.  Three  days  or  so  later  the  liquid  becomes  turbid,  and 
is  found  to  contain  a  motile  form  which  is  furnished  with  cilia. 
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The  colonies  at  this  stage  have  broken  up.  After  a  further 
2  days  the  liquid  again  becomes  cIcAr  and  the  microbes  are 
found  to  have  fc»rined  another  zuoglcea  which  lica  as  a  gelatinous 
layer  at  the  bottom  of  the  culture  vessel. 

The  Nitrosococcus  forms  behave  differently.  They  do  not 
form  a  zoiigloea,  nor  do  thty  po^ess  cilia.  They  are  slightly 
larger  than  the  others,  ranging  from  1"5  to  2/4.  in  diameter. 

Besides  these  organisms,  which  are  responsible  for  the  first 
Ktage  finly  of  nitrification,  there  are  others  which  have  the 
power  of  converting  the  nitrites  therein  formed  into  nitrates, 
thus  completing  the  work.  These  are  among  the  smallest  of 
all  living  organisms  so  far  discovered.  The  cells  are  elongated, 
and  oval  or  !i>omewhat  pear-shaped,  being  about  'ofi.  in  length 
and  from  *15  to  *25^  in  breadth.  The  name  Nitrobaeter  has 
bet;n  given  to  the  genus. 

Most  of  our  knowledge  of  this  nucrobe  is  due  to  the 
researches  of  Winogradsky.  It  can  be  cultivated  in  liquid 
media,  when  it  forms  a  thin  mucinous  skin  which  adheres  to 
the  wall  of  the  vessel. 

The  two  kinds  of  organism  are  usually  both  present  in  the 
same  soil,  those  of  the  second  type  immediately  oxidising  the 
nitrites  which  those  of  the  first  form  from  ammonitim  salts. 
The  Nitrobaeter  forms  not  only  cannot  oxidise  the  latter  bodies 
but  they  are  very  injuriously  affected  by  the  presence  of  free 
ammonia.  Except  in  this  respect  the  two  classes  show  great 
similarity.  Both  flourish  in  inorganic  solutions,  and  are  aided 
in  their  work  by  the  presence  of  acid  carbonates.  Neutral  or 
alkaline  carbonates  hinder  or  prevt'ut  their  development,  and 
the  chlorides  of  potassium  imd  calcium  are  injurious  to  their 
action.     Neither  of  them  apparently  will  grow  on  gelatin. 

The  conditions  of  their  action  arc  remarkably  similar ;  below 
.5"^  C.  hardly  any  change  can  be  initiated  by  either ;  at  about 
12''  C.  nitrification  becomes  sensible  and  increases  rapidly  as 
the  temperature  rises  to  S7^  C.  At  this  point  the  rate  of 
change  is  ten  times  us  great  as  at  14"  C.  Above  37'*C.  a 
rapid  decline  of  the  rate  may  be  observed,  and  according  to 
Winogradsky  the  fenuentatioa  stops  at  55'  C.  Warrington 
foiled  to  observe  nitrification  above  40'  C. 
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A  very  interesting  peculiarity  attaching  to  the 
nitrification  is  their  marked  distaste  for  organic  nutr 
Neither  of  them  will  grow  upon  gelatin  or  similar  oiaU 
apparently  dislibing  all  organic  substances.  They  can  M 
cultivated  readily  on  ma.ss&s  of  gelatiiioua  silica,  impregnated 
with  the  appropriate  compouudH  of  niti'ogen.  As  a  suitabk 
culture  fluid  for  the  XilroHo-forms  Winogradfiky  recommendu  a 
mixture  of  2 — 25  grammes  of  ammonium  sulphate,  2  grammes 
of  sodium  chloride  and  a  sufficient  quantity  of  xnagnesinai 
carbonate  per  litre  of  well-water.  The  latter  salt  is  needed  to 
neutralise  the  acids  as  they  arc  formed.  For  Nitrobacteria 
the  ammoniuni  »ilt  must  be  replaced  by  sodium    nitrite. 

When  either  organism  is  cultivated  in  such  a   niedium  il 
con  grow  and  multiply,  and  the  development  is  greatest  in  the 
absence  of  light.     The  source  of  the  carbon  of  the  increased 
bulk  of  the  plant  is  carbon  dioxide,  derived  partly  frum  the  car- 
bonate in  the  solution,  and,  according  to  Godlewski,  partly  from 
the  air.     We   have  in  these  plants  therefore  a  power   which 
appears   special    to    them^    viz.    that   of    decomposing    carbon 
dioxide  and   availing  themselves  of  its  carbon   in    the   con- 
struction of  new  cells,  in   the  absence  of  light.     They  show 
indeed    that    the   powijr   of  decomposing  carbon  dioxide    can 
go   on  in   thc^^e   plants    in   the   absence   of  any   chlorophyll 
apparatus.     The  Htepa  by  which  this  carbon  dioxide  is  built  up 
into  a  compouud  capable  of  being  assimilated  by  the  living 
substance  are  not  known.    The  energy  necassar)'  for  the  prooes 
appears  to  be  supplied  by  the  oxidation  of  the  molecules  con- 
taiuiug  nitrogen,  so  that  it  is  dependent  upon  such  oxidation 
taking  place.     Wincgradsky  has  investigated  this  point  with 
much    care,  and    he   has  come  to  the  conclusion   that  about 
35  milligrammes  of  nitrogen  are  oxidised  for  each  mUligranime 
of  carbon  absorbed  and  fixed. 

Bcaidcs  the  oxidation  of  ammonium  salts,  another  process  is 
also  cunstantly  going  un   in  the  soil  which  is  of  exactly  the 
opposite  chai'acter.     We   meet  continually   with  a  process  ^L 
denitri6cation,  marked  sometimes  by  the  evolution  of  amroo^| 
and  sometimes  by  the  disengagement  of  free  nitrogen.     Th« 
decomposition  of  proteid  matter  and  its  derivatives  is  effected 
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by  many  species  of  Schizomycetes,  and  by  many  of  the  higher 
fungi.  Of  thein  all  Bacillus  mtjcoides  especially  may  be  men- 
tioned, as  it  gives  rise  to  a  very  considerable  vulatilisation  of 
ammonia.  This  process  has  very  much  in  common  with  the 
ordinary  putrefactive  processes,  which  will  be  discusaed  sub- 
secjuently.  The  production  of  fiec  nitrogen  is  different,  as  the 
sources  from  which  it  ia  derived  are  the  nibratea  and  nitrites  of 
the  soil.  The  Bacillus  denitrijicftns  a  and  j8  of  Guyon  and  Dupetit 
are  especially  noteworthy  in  this  connection.  Both  species 
reduce  nitrates,  a  reducing  them  to  nitric  oxide  and  nitrogen, 
j3  liberating  free  nitrogen  only. 

Several  other  species  possessing  similar  powers  have  been 
described  by  various  writers,  among  thcin  being  Bactei'itwi  colt 
commune,  which  reduces  nitrates  to  nitrites  when  cultivated  in 
a  nutrient  solution  by  itself  and  in  the  absf^nce  of  air.  When 
in  the  soil  it  frequently  grows  symbiotically  with  a  bacillus, 
known  as  B.  denitrijicans  /.,  and  the  two  can  then  iteconipose 
the  nitrate  completely,  free  nitrogen  being  evolved.  Loew  has 
shown  that  the  pnx^ess  of  reduction  goes  so  far  as  the  formation 
of  ammonia. 

Viscous  fermentation. 

A  peculiar  phenomenon  occurs  frequently  i»  certain  wines, 
in  beer-worts,  and  in  some  natural  vegetable  juices.    The  liquid 

■  on  exposure  to  the  aii*  becomes  extremely  viscous,  in  some 
I     cases  indeed  it  appears  to  be  transformed  into  a  jelly. 

I  This  phenomenon,  which  nmst  not  be  confused  with  the 

^KAction  of  pectase,  has  been  investigated  by  several  observers, 
^^jukd  has  been  found  to  be  due  to   the  pi-esence  of  microbes, 

■  several  of  which  have  been  i.solated.  Among  the  earlier  workers 
in  this  field  may  be  mentioned  Braconnot,  Guy-Lussac,  Fremy, 
and  Pasteur. 

According  to  Pasteur  thin  vi.<tcous  fermentation  is  caused  by 
a  particular  organism  which  iicts  upon  either  glucose  or  invert- 
sugar  and  transforms  it  into  a  kind  of  dextrin  or  gum,  mannite 
and  caibun  dioxide  being  furmed  at  the  same  time.  The  gum 
appears  to  resemble  dextrin  rather  than  gum-arabic,  as  nitric 
acid  oxidises  it  to  oxalic  and  not  to  mucic  acid. 
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Hery  foimd  that  the  peculiar  ropiness  which  is  formed  in 
certain  inks  is  duo  to  similar  agency. 

The  same  phenomenon  is  uften  met  with  in  the  manufacture 
of  cane-sugar,  masses  of  gelatinous  consistency  being  formed 
in  the  crude  juice.  These  were  first  accurately  investigated 
in  1878  by  Cienkowski,  who  found  them  to  be  composed  of 
microbes  with  extraordinarily  swollen  and  gelatinised  cell-walk, 
which  appeared  as  masses  of  jolly  in  which  the  organisms  were 
embedded.  Van  Tiegbem,  who  also  studied  them,  and  who 
followed  out  the  life-history  of  the  microbes,  held  that  they 
resembled  in  most  important  respects  the  alga  Nostoc.  except 
that  they  did  not  contain  any  of  the  blue-green  colouring 
matter  so  characteristic  of  that  plant.  He  gave  to  the  microbe 
consequently  the  name  of  teuconostoc.  Further  investigatioos 
were  carried  out  by  Lieaenberg  and  Zopf  in  1891. 

The  microbe,  aoconling  to  the  lftst-name<i  observers,  does  not 
form  the  gelatinous  material  unless  the  nutrient  material  on 
which  it  is  cultivated  contains  either  cane-sugar  or  glucone. 
In  the  absence  of  these  carbohydrates  it  is  found  in  chains* 
sometimes  of  considerable  length,  sometimes  of  only  two  or 
three  cells.  When  either  sugar  is  present  large  sheets  of 
zoogloea  are  formed,  in  which  the  cells  are  arranged  in  pain. 
The  colls  have  greatly  swollen  walls,  forming  mucinous  cap- 
sules, which  gradually  coalesce,  giving  rise  to  the  gelatinous 
masses. 

The  jelly  does  not  consist  of  unchanged  celluloBe,  but  of  a 
material  which  was  original  ly  called  dextran  by  Scheibler,  and 
which  is  probably  a  derivative  of  cellulose.  ^i 

An   organism  which  has  recently  been  examined  by  the  H 
writer  in  collabonition  with  Marshall  Ward,  and  to  which  refer- 
ence has  been  made  in  the  preceding  chapter,  was  also  found  to 
have  the  power  of  forming  a  mucous  or  slimy  material  when  ^_ 
cultivated   in  solutions  of  cane-sugar.     AfWr  about  3  dayfe'  H 
growth,  the  whole  contents  of  a  flask  in  which  the  culture  was 
conducted  became  extremely  viscid.     The  solution  was  found 
to   contain   two   carbohydrates   resembling   in    many   respects 
Scheiblcr's  dextmti.    Thev  were   thrown  out  of  Bohition  bv 
the   addition   of  alcohol,  and    were   separated    by  subsequent 
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treatment  with  water,  in  which  one  of  them  dissolved.  The 
other  was  soluble  only  in  dilute  alkali,  1  per  cent,  of  caustic 
soda  taking  it  up  slowly  in  the  cold  and  more  rnpidly  on 
boiling.  It  was  freely  soluble  in  the  cold  in  a  10  per  cent, 
sohition  of  the  nikuli. 

The  first  of  these  bodies  had  a  specific  rotatorj'  power  of 
{a)o  =  +  130  in  a  1  per  cent,  solution.  It  gave  a  pink  colora- 
tion when  treated  with  iodine,  and  did  not  reduce  Fehling's 
solution. 

The  other,  when  in  solution  in  1  per  cent,  caustic  soda,  had 
no  action  on  polarised  light.  It  was  coloured  violet  by  iodine, 
and  like  the  first  had  no  cupric-reducing  power. 

Both  bodies  when  boiled  for  some  time  with  a  dilute 
mineral  acid  were  convei-ted  Into  substances  which  reducei:! 
Fehling'a  fluid. 

From  their  reactions  they  appeared  to  belong  to  the  group 
of  the  hemicellulases,  but  they  did  not  yield  oxalic  acid  when 
oxidised  by  nitric  acid. 

Various  organisms  have  been  found  to  set  up  similar  forma- 
tions in  milk,  causing  a  peculiar  "ropiness"  in  the  liquid. 
Their  influence  appears  to  be  chiefly  confined  to  the  milk- 
sugar. 

It  is  probable  that  in  most  of  these  cases  the  xiscous  matter 
is  nothing  more  than  the  extremely  diffluent  cell-walls  of  the 
organisms,  and  it  is  therefore  doubtful  whether  these  phenomena 
should  be  classed  among  such  fermentations  as  wu  are  con- 
sidering. Whether  or  no  enzymes  having  the  properties  of 
cytase  or  pectase  are  secreted  by  the  microbes  we  have  no 
evidence  to  show,  nor  whether  the  changes  in  the  cell-walls 
are  due  to  cytasic  or  pectasic  powers  of  the  protoplasm. 

There  are  however  cases  kuowu  in  which  a  similar  production 
of  viscous  or  mucous  matter  has  been  found  to  take  place  oxtra- 
cellularly.  A  microbe  was  described  in  1889  by  Kramer  as 
possessing  this  property.  Mici-oscopic  investigation  shows  it 
to  be  a  bacitluK,  occurring  in  short  rods  which  are  joined 
together  in  chain.s.  The  cell-walls  of  the  organism  do  not 
swell  up  as  in  the  formation  of  a  normal  zooglcea.  but  when  it 
ijB  cultivated  in  the  presence  of  cane-sugar  a  peculiar  mucoid 
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matcnal  is  formed  In  the  culture  medium  irbich  does  not  aeem 

to  include  tlie  bacilli. 

Another  organism  was  ascertained  by  Closer  to  possess  the 
same  property.  He  named  it  Bacterium  gelatinosunt  betes,  from 
its  occurrcuce  in  the  juice  of  tlie  Beet  The  mucous  material 
which  it  forms  shows  considerable  resemblance  to  dexlmn. 


Putrefaction, 

Putrefaction  is  a  process  which  is  associated  with  the  chang 
which  various  micro-orgaiuAms  set  up  in  proteids  or  albuminoid 
bodies.     The  various  decompositions   usuiilly  begin    with    the' 
fonnatiou  of  peptones  in  a  manner  which  resembles  the  gastric 
and  pancreatic  digestions  already  described.     The  changeis  dd^| 
not  stop  at  this  stage,  nor  do  they  follow  the  same  course  as 
those   brought    about    subsequently  by   trypsin ;    leuciii    and 
tyrosin  appear  to   be   formed,  but  at  the  same   time    many 
other  bodies   appear,  probably  simultaneously.     Among   these 
are  indol,  skatol,  phenol,  and  a  vai'iety  of  substances  belonging 
to  the  aromatic  series.     Besides  such  comparatively  simple 
bodies  whose  composition  is  known,  we  find  others  of  more 
complex  nature,  many  of  which  ai*e  eminently  toxic.     These 
include  the  so-called  animal  alkaloids  or  ptomaines,  a  great 
number  of  which  have  been  isolated  fi'om  various  putrefying 
materiaU.     The  proteid  molecule  is  broken  down  yet  further  as 
the  fermentations  proceed,  several  of  the  higher  fatty  acidn. 
ammouia   and   its  compounds,  vcu'ioua  amines,  and   dil!ercnt  H 
nitrates,  making  their  appeiimnce.     The  sulphur  of  the  albu-   ™ 
iniuoid  matter  is  generally  evolved  in  the  form  of  sulphuretted 
hydrogen,   though    mercaptan    has    been    detected    in    some 
cases. 

The  putrefactive  process  is  accompanied  by  the  development 
of  a  peculiar  and  characteristic  odour,  partly  due  to  the  pre- 
sence of  certain  of  the  bodies  mentioned,  and  partly  to  the 
sulphuretted  hydrogen,  ammonia,  and  other  gases  which  are 
disengaged.  This  feature  is  especially  noticeable  when  the 
microbes  carry  out  their  work  in  the  absence  of  air,  the  process 
being  comparatively  inod«.irous  when  a  free  access  of  oxygen  is 
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pennitted.  Indeed  putrefactiun  in  the  strict  sense  of  the  term 
is  largely  an  anaerobic  process. 

Many  microscopic  organisms  take  part  in  these  putrefactive 
changes  and  their  nctiuu  is  far  from  completely  asceilaioed  at 
present.  It  is  uot  known  whether  a  particular  series  of  change.** 
is  due  entirely  to  one  kind  of  uiicrobu,  ov  whether  the  process 
iH  initiated  by  one  and  carried  further  by  another;  whether 
the  decompositions  take  place  simultaneously  or  successively. 

The  earliest  researches  on  the  question  which  may  be 
quoted  are  those  of  Ehrenberg,  who  was  the  fii-st  to  notice,  in 
1830,  the  microbe  long  known  as  Bacterium  fermo.  This  was 
duwcribed  11  years  later  by  Dujardin  as  pOMsesaing  a  cylindrical 
form  about  2—3^  in  length  and  1 — l"2fi  in  thickness.  The 
cells  were  said  to  be  frequently  joined  together  in  pEurs,  and 
the  short  chain  so  formed  exhibited  a  tremulous  movement. 
Cohu  stated  in  1892  that  putrefaction  was  a  special  process  set 
up  by  this  bacterium. 

Bacterium  termo  was  the  subject  of  study  by  many 
observers  dunng  the  next  decade.  Improved  methods  of 
cultivation  showed  that  several  separate  forms  were  associated 
under  the  one  name,  and  in  1884  Koseubach  described  three 
distinct  species,  under  the  names  of  Bricillus  mprogenes  I, 
IT,  and  III.  Haiiser  a  year  later  described  three  species  of 
Schizomycetes  taking  part  in  putrefaction,  which  he  referred  to 
a  new  genus,  Proteus.  These  are  fuiineutly  motile,  the  cells 
being  furnished  with  a  variable  number  of  cilia.  P.  vuU)ai^s 
is  often  met  with  in  the  form  of  elongated  rods,  ranging  from 
3 — 6jU  in  length,  with  a  tran.sverse  diameter  of  'O/x.  All  the 
forms  however  are  very  polymorphic. 

Escherich  has  described  another  microbe  under  the  name  of 
Bacterium  coli  comviune,  which  is  always  present  in  the  mam- 
malian intestine  and  which  can  be  detected  in  large  numbers 
in  the  evacuated  fieces.  It  is  a  short  rod  ranging  in  length 
from  'S/i  to  2 — 3ft  and  having  an  average  breadth  of  '4fi. 

Several  other  species,  not  so  cleariy  identified,  have  been 
described  by  many  writers.  All  agree  however  in  being  ex- 
tremely polymorphic,  the  form  they  take  varj'ing  according 
to  conditions  of  cultivation  and  nourishment.    The  difficulty  of 
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aacertaming  the  Umita  of  any  species  is  consequently  extremehj 
great,  ^* 

The  complicated  nature  of  the  digetttive  changes  in  the 
mammalian  aliroentary  canal  must  be  associated  with  the 
presence  there  of  many  of  these  bacterial  form.s.  As  we  have 
seen  the  final  action  ot  the  pancreatic  Juicti  is  to  convert  pari 
of  the  proteid  molecule  into  leucin  and  tyrosin.  The  occurrence 
of  indol,  skabol,  and  other  malodorous  products  in  the  large  and 
in  part  of  the  small  intestines,  can  no  doubt  be  explained  by  th 
action  of  those  microbes,  which  work  simultaneously  with  tl 
trypsin  of  the  pancreatic  Becretion  and  continue  to  act  after  tbfl 
enzyme  has  ceased  to  bo  effective.  The  absence  of  the  microbes' 
from  the  region  of  the  tmiall  intestine  in  which  the  bile  rcuuuiu 
is  explained  by  the  antiseptic  powers  of  this  secretion.  J 

Though  no  doubt  the  direct  intervention  of  the  protopUsm 
uf  the  microbe  is  iu   mo6t  cases   the   exciting  cause  of  the 
fermentation,  or  putrefaction,  it  must  not  be  forgotten   that 
many  of  these  organisms  have  been  shoivn  to  excrete  enzjines, 
to  the  action  of  which  definite  decompositions  have  been  traced. 
The  obdervations  of  Louder  Brunton  and  MacFodyen,  and  of 
Wood,  have  been  alluded  to  in  a  former  chapter,  and  it  has  been 
shown  there  that  vaiious  microbes  have  been  proved  to  secrete 
trypsin.     Various  toxic  albumosea  have  been  shown  by  Hankin, 
Mai'tin,  and  others,  to  result  from   the  activity   of  JiaciUug 
anthi^acis,  and  Hankin  was  able  to  extract  from  this  microbe  an 
enzyme  that  had  the  property  of  forming  albumosea  from  fibrin 
Another  enzyme  has  been  prepared  by  Gourmout  and  DoyoD  ^| 
from  the  bacillus  of  tetanus  which  effects  a  different  decora-  ^n 
position,  producing  a  toxic  substance  which  is  comparable  to 
strychnine.     This   enzyme,  which   has  received  no   name,   is 
destroyed  on  heating  to  65^  C.    Its  discoverers  attribute  the 
peculiar  symptoms  of  tetanus  to  its  presence,  and  state  that 
immunity  from  this  disease  is  the  result  of  the  action  of  causes 
that  inhibit  the  activity  of  the  enzyme.     It  is  not  itself  toxic* 
but  produces  the  alkaloidal  substance  in  the  body,  and  Che 
deleterious  material  can  be  extracted  from  tctauised  muscles  and 
from  the  blood  and  the  urine  of  an  animal  which  has  been  thus 
poisoned. 
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The  toxic  pnxiucls  of  piitrefacLion  include  nol  only  albii- 
moHes,  bat  a  number  of  derivatives  of  vai*iouu  albuminoid 
bodies  to  which  the  name  of  ptomaines  was  given  by  Selini  in 
1878.  There  have  been  many  workers  in  this  field,  chief  among 
whom  may  be  named  Panum,  Nencki,  and  Brieger. 

The  majority  of  the  ptomaines  at  present  known  were  dis- 
covered by  the  last-mentioned  investigator,  to  whose  labours  we 
are  indebted  for  new  methfxls  of  separating  these  substances  from 
putrefying  liquids.  Biieger  isolated  choline,  putresdne,  neuri- 
dine,  and  cadaverine.  From  the  decomposition  of  the  first  of 
these  muscarine  may  be  obtained,  the  poison  of  the  red  Agaric 
Some  of  these  toxic  bodies  occur  in  stoi-ed  cheese  which  has 
been  attacked  by  certain  microbes. 

Bodies  allied  to  the  ptomaines,  if  not  identical  with  them, 
may  bo  produced  in  the  body  as  well  as  in  putrescent  liquids, 
provided  that  the  food  taken  contains  the  microbes  which  have 
the  property  of  forming  them.  These  products  have  been 
called  leucomaines. 

The  pt<>inaines  and  similar  bodies  appear  to  belong  to  the 
pyridine  group  of  aromatic  compounds. 


I 


The  fermentative  power  of  protoplasm  is  thus  seen  to  be 
constantly  manifested  and  to  conduct  a  great  variety  of  de- 
compositions, some  relatively  simple,  and  others  extremely 
complex.  The  living  substance  may  be  that  of  unicellular  or 
of  multicellular  urgtinisms,  of  microbes  of  almost  immeasurable 
smallness,  or  of  plants  of  very  large  dimensions,  the  differen- 
tiation of  the  plant  aflecting  the  distribution  but  not  the 
character  of  the  active  protoplasm.  Certain  featui'es  connected 
with  tho  manifestation  of  this  property  by  unicellular  microbes 
le<l  to  their  being  for  a  long  time  considered  to  be  especially 
"ferments"  and  to  possess  a  property  which  was  peculiar  to 
them  as  a  class.  Among  these  features  was  the  phenomenon 
that  the  changes  they  caused  were  on  such  a  relatively  large 
scale  that  they  seemed  to  be  altogether  out  of  proportion  to 
their  biological  needs,  and  hence  to  require  an  explanatiou  of 
a  different  kind.    The  prominent  fact  was  the  maguituda  of 
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the  disturbaoce  they  caused,  and  this  obscured  the  metali 
work  to  which  the  induced  changes  ministered. 

The  same  facts  meet  uh  even  to>daj  and  we  are  not 
prepared  with  more   than   a  tentative  explanation    of  the 
But  we   con   sec   from   comparing   these  humble   furtns  wit 
the   higher    plants   that   their  activity   is   paralleled    by  th 
activities  of  the  cells  of  many  of  the  tissues  of  the  latter;  th&i 
the  decoDipoaitiooa  set  up  by  both  are  of  the  same  charactef| 
and  that  in  some  cases  the  change^n  are  brought  about  by  boti 
through  the  agency  of  secreted  enzymes. 

The  decompositions  of  these  so-ca1IefJ  organised  JefnieitU  arv 
then  only  peculiar  iu  two  respects :  (1)  the  great  and  apparenth 
wasteful  extent   to  which  they  are   conducted,   (2)    the   moiv 
complicated  character  uf  the  pixxlucts  produced   by   eome  of 
them.     The  second  of  these  statements  must  not  however  be 
regaixled  as  proved;  it  may  be  that  the  complex  products  of 
putrefaction,  for  instance,  are  the  result  of  the  energy  of  seveml 
microbic  forms  working  in  succession.     Iu  this  ease  the  second 
statement  merely  indicates  that  the  protoplasm  of  different  or-, 
ganisms  possesses  very  varied  powers  of  exciting  very  differenft 
decompositions.     And    even   this  view  is   incomplete,    for   tha 
number  of  enzymes  known  ia  continually  increasing  and  tdav^ 
ultimately  be  found   to  correspond  to  the  variety  of   decom- 
positions uow  known  to  be  set  up  by  living  substance. 

Other  specific  penuliarities  have  been  associated  with  mi- 
crobes, vindicating  their  claim  to  be  regarded  as  organised] 
ferments.  These  have  been  brought  forward  with  a  view 
demonstrating  that  "  organised  "  and  "  unorganised  "  ferment»1 
are  radically  diflerent.  They  have  been  especially  emphasised 
by  Naogeli  and  Sachs,  and  may  be  mentioned  here  to  sboir 
how  completely  this  old  distinction  has  broken  down,  how 
indeed  two  things  have  been  put  in  comparison  that  are  so 
fundamentally  different  that  comparison  is  impossible,  whereby 
the  true  relation  between  them  has  been  entirely  obscured. 

Sachs  states  the  first  of  these  peculiarities  in  the  following 
terms: — "I  find  with  Nnegeli  a  further   particularly  striking 
point  of  difference  iu  the  fact  that  (apart  from  split-fermenie  ( 
such  as  enmlsin  and  myro.sin)  the  plastic  matters  are  transferred  J 
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by  the  actioD  of  iinorgauUod  feroieuts  from  the  passive  iuto  the 
active  condition.  Feruieutatiou  by  meauH  of  Fungi  has,  an 
Naegeli  insLst-s,  just  the  opposite  character;  its  products  are, 
without  exception,  less  nutritiouH  cumpouods,  and  it  destroys 
especially  the  most  nutritious  substances." 

Naegeli  states,  "  The  conti-ast  appears  most  strikiug  in  the 
case  of  carbohydrates  and  proteid  substances.  While  the 
action  of  unorganised  ferments  produces  from  iheni  glucL>ses 
and  peptones,  ferraentation  by  means  of  Fungi  breaks  up  these 
compounds  into  alcohol,  mannite,  lactic  acid,  and  into  leucin, 
t^Tosin,  &c. — and  in  some  cases  several  fermentations  follow 
one  another;  their  products  then  became  less  nutritions  step 
by  step.  We  may  say,  generally,  that  the  yeast  fungi  render 
the  meilium  in  which  they  occur  chemically  less  suitable  for 
nutrition  by  evury  process  of  fermentaLion  which  they  eflfect." 

In  the  light  of  the  knowledge  which  has  been  obtained 
during  recent  years  these  statements  can  no  longer  bo  regarded 
an  marking  differences  between  fermentation  by  microbes  and 
by  enzymes  respectively.  Sachs's  first  criticism  loses  a  good 
deal  of  force  on  account  of  the  exceptions  he  mentions.  There 
is  no  reason  why  emulsin  and  myrosin  should  be  conaidei-ed 
exceptional.  Wo  have  seen  that  the  conditions  under  which 
they  are  active  are  the  same  as  those  which  are  needed  by 
diastase  and  by  pepsin.  The  action  is  similar  In  kind  as  far 
as  we  can  judge;  diastftse  and  emulsin  both  cause  hydrolysis 
and  subsequent  deci^)mpoHition  of  the  bodies  which  they  attack. 
The  property  of  giving  rise  to  less  nutritious  compounds  does 
not  belong  to  Fungi  alone;  enzymic  activity  often  results  iu 
similar  decompositions.  Urease  produces  ammonium  carbonate 
from  urea ;  the  lactic  enzyme  discovered  by  Hammarsten  effects 
the  same  change  as  the  lactic  microbe;  Buchner's  zymase 
produces  alcohol  from  sugar.  On  the  other  hand,  again,  certain 
microbes  convert  starch  into  sugar,  while  others  peptooise 
albumin. 

The  contrast  drawn  by  Naegeli  also  fails.  We  have  just 
seen  that  the  saccharification  of  starch  and  the  formation  of 
peptone  from  albumin  can  be  brought  about  by  members  of 
both  classes. 
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The  conversion  of  proteids  into  leucin,  tyrosin,  aspan^ 
&c„  16  not  n  special  property  of  Funp;  it  is  in  Tikct  the 
characteristic  feature  of  both  animal  and  vegetable  trypsiiis. 

Both  the  botaniats  quoted  lay  streis  un  the   fonnation 
mitritive  subBtances  from  plsiatic  ones  by  enzymes.      The 
4t|  rbc  latti«r  In  by  no  ineann  confined  to  eiTecting  transformatic 
of  this  kind.     We  may  mention  here  the  recently  disoorered 
group  of  the  oxidaseH,  which  are  not  concerned  with  nutritii 
processeB  at  all.    Nor  so  far  aa  we  know  are  the  clotting'  ei 
thrombose  and  pectase  to  be  considered  aa  forming-  nutritii 
materials  for  the  organism  in  whicli  they  occur. 

Sachs  says  again,  "  Naegeli  puts  his  view  of  fermentAtkm 
due  to  organisms  as  opposed  to  that  produced  by  unorganised 
ferments  in  the  following  Htatement: — 'Fermentation  is  there- 
fore the  transference  of  the  movement-s  of  the  moleculci* 
atomic  groups,  and  atoms  of  various  compounds  composing 
living  protoplasm  {which  remain  chemically  unaltered  in  the 
process)  to  the  fermentable  material,  by  which  means  the 
tquilibrium  between  its  molecules  is  destroyed  and  it  is  broken 
up.'"  It  has  been  shown  by  Fischer  and  other  writers  that 
this  statement,  which  presents  Naegeli's  theory  of  fermentation. 
if  tnie  at  all,  applies  cjually  well  to  enzymes.  This  point  how-^^ 
ever  will  be  more  fully  examined  in  a  subsequent  chapter.         ^M 

If  we  turn  again  to  the  consideration  of  the  fermentative    i^ 
processes  set  up  by  the  protoplasm  in  the  higher  plants  wo  find 
that  the  latter  exhibit  the  same  variety  as  the  microbes  in  the 
nature  of  the  products  that  arc  formed.     Boohm  and  de  Luca 
have  shown  that  if  any  part  of  a  living  plant  is  insufficiently 
supplied  with  oxygen,  hydrogen  and  sometimes  marsh-gas  are     _ 
evolved   from   it.      Boussingault   and    Schuiz    have    obaerve^H 
similar  phenomena.     Hydrogen   is  given  off  also  from  plants'^1 
containing  niannite,  while  malic  acid  gives  rise  to  acetic  acid  in  ^ 
the  fruits,  flowers,  and  leaves  of  the  Privet.     In   the  decom^H 
position    of  profceids,   Boehm    found   ammonia   exhaled.      The^^ 
condition  under  which  these  restilts  are  obtained,  viz,  the  lock 
of  oxygen,  is  the   normal  condition  of  many  microbes,  they 
being  anaerobic  in  their  mode  of  life.     When  oxygen  is  presentj 
we  fiud  the  same  agreement.     The  inversion  of  cane-sugar 
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the  same  process  whether  that  action  is  brought  about  by  the 
action  of  the  living  cell  of  a  leaf  or  by  invertase  extracted  from 
either  a  higher  plant  or  from  yeast. 

Sachs  clfums  as  a  peculiarity  of  all  fermentation  set  up  by 
fungi  that  carbon  dioxide  appeara  as  a  bye-product.  This, 
however,  we  have  seen  to  be  rather  an  eflfect  brought  about 
through  an  insu6Eicient  supply  of  oxygen,  and  easily  made 
eridcnt  under  the  same  conditions  in  the  fermentative  actions 
of  the  protoplasm  of  the  higher  plaubs  also.  We  can  see 
therefore  that  in  both  the  lower  and  the  higher  plants  wo  have 
to  recognise  essentially  the  same  constitution,  the  differences 
between  them  depending  only  on  differentiation  and  consc<iucnt 
division  of  labour.  In  the  lowly  forms  the  great  prominence 
pf  their  metabolic  decompositions  haa  overshadowed  all  their 
other  functions,  and  tUey  have  therefore  been  regarded  as 
endowed  with  special  properties.  In  the  higher  plants  inves- 
tigation hsua  shown  us  that  precisely  similar  decompositions  can 
be  brought  about,  not  now  by  the  whole  plant-body,  but  by 
special  cells  or  parts  of  it.  The  agent  in  the  decomposition  is 
the  same,  viz.  protoplasm :  the  conditions  are  similar  and  the 
resulting  products  are  strictly  comparable.  The  secretion  of  an 
enzyme,  which  is  a  power  exerted  by  both  lowly  and  more 
highly  organised  plants,  in  a  mark  of  differentation  within  the 
living  substance,  just  as  in  the  slow  movements  of  amoeboid 
protoplasm  we  recognise  something  which  in  the  higher  and 
more  differentiated  organism  appears  as  the  contraction  of 
muscular  fibre. 

A  fact  which  at  first  appears  to  constitute  the  microbes  into 
a  special  class  of  fermenting  organisms  has  several  times  been 
incidentally  alluded  to.  That  is  the  power  which  many  of 
them  exhibit  of  exciting  more  than  one  kind  of  decomposition. 
Lauder  Brunton.  Wood,  and  other  writera  ahvady  quoted,  have 
shown  that  the  same  bacillus  may  saccharise  stai-ch  and  pep- 
tonise  albumin ;  many  others  can  cause  the  clotting  of  milk  in 
arldition.  liaciUus  mesentencits  vulgaius  has  been  shown  to  be 
possessed  of  diastasic,  inverting,  cytasic,  and  peptonising  power, 
and  to  clot  milk. 

In  these  cases  it  is  important  to  recognise  the  biological 
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peculiarities  of  the  organisms.  They  exercise  these  powers 
according  to  the  medium  in  which  they  are  cultivated ;  manv 
of  them  carry  out  the  changes  by  the  excretion  of  enzymes, 
and  the  formation  of  these  depends  iu  some  way  upon  the 
stimulus  of  the  culture  medium.  Vignal,  who  investigated  the 
last-mentioned  of  these  microbes,  points  out  that  the  propor- 
tions of  the  several  enzymes  it  forms  x&ry  very  greatly 
according  to  the  nature  of  the  fluid  in  which  it  iinds  itself. 
The  fermentation  in  these  cases  is  seen  to  be  strictly  sub- 
ordinate to  the  metabolism. 

These  phenomena  recall  at  once  the  observations  of  Schiff 
and  others  as  to  the  necessity  of  an  absorption  of  some 
nitrogenous  compound  or  peptogen  before  the  secretion  of  the 
gastric  pepsin  takes  place,  which  we  have  mentioned  in  an 
earlier  chapter.  It  also  reminds  us  of  the  behaviour  of  an 
Amoeba,  which  only  forms  a  food  vacuole  with  its  digestive 
fluid  round  an  ingested  nutritious  particle.  Any  foreign  sub- 
stance which  is  not  digestible  does  not  become  enclosed  in  such 
a  vacuole. 


CHAPTER   XXII. 
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We  have  seen  incidentally  in  the  case  of  many  enzymes, 
particularly  those  formed  in  well  differentiated  Riands,  that  a 
certain  stimulus  is  necessary  before  secretiou  takes  place.  In 
the  case  of  saliva  an  increased  6ow  can  be  excited  by  rcHex 
nervous  agency,  as  when  an  afiferent  nerve  ie  stimulated  by 
sonic  sapid  substance  being  placed  upon  the  tongue,  or  when 
some  appetising  odour  reaches  the  olfactory  membrane  of  the 
nose.  The  taking  of  food  into  the  mouth  is  followed  by  an  out- 
pouring of  both  gastric  and  pancreatic  juices. 

Apart  however  from  actual  nervous  inHuences  there  is  evi- 
dence to  show  that  the  absorption  of  nutritive  materials  haa  a 
ver}'  potent  influence  on  the  formation  and  discharge  of  the 
secretion.  This  has  been  shown  by  many  writers,  among  whom 
may  be  mentioned  Heideuhain,  whose  experiments  on  the 
secretion  of  gastric  juice  in  a  portion  of  the  stomach  isolated 
from  the  rest  by  Thiry's  methoil,  jwint  to  a  material  increase  in 
the  quantity  poured  out,  in  consequence  of  the  absorption  of 
fn.j(i  by  the  mucous  membi*ane  of  the  main  portion  of  the  organ. 
Schiff  also  has  called  attention  ti>  the  increase  in  the  flow  which 
follows  absurptiou  of  various  nutritive  bodies. 

This  form  of  stimulus  has  been  observed  to  be  also  very 
advantageous  in  the  case  of  various  vegetable  organisms.  The 
formation  of  diastase  in  the  pollen  grains  of  Zaniia  was  shown 
by  the  writer  to  be  directly  dependent  on  the  absorption  of 
sugar. 

The  obeervatioQs  already  alluded  to,  which  were  made  by 
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Lander  Brunton  and  McFadyen  on  the  enzymes  secreted  by  iha 
bcbcilU  they  examined,  also  bear  upon  thU  point.  They  found 
that  the  character  of  the  medium  in  which  the  microbes  weny 
cultivated  determined  whether  the  enzyme  produced  was  dia- 
stase or  trypsin.  The  absorption  of  a  carbobydmto  in  the  one 
case  or  a  proteid  in  the  other  waa  apparently  antecedent  to  the 
production  of  the  ferment. 

In  bome  cases  huwever  the  stimulus  is  of  a  different  kind. 
Brown  and  Morris  showed  in  their  experiments  on  tlic  secrctioa 
of  diastase  by  the  scutellum  of  the  barley- embryo,  that  no 
enzyme  is  formed  in  its  ce\\»  su  lung  as  the  embryo  is  artifici- 
ally supplieil  with  solutions  uf  nutntive  carbuhydrates,  and  is 
not  obliged  in  coiiscqiieucc  to  obtain  its  noiinshmeut  from  the 
starch  coutaiued  in  its  endosperm.  Wortmaun  showed  that 
certain  microbes  produce  diastase  when  starch  grains  are  their 
only  available  food,  but  do  not  if  sugar  is  offered  to  them  with 
the  starch.  Di:  Bary  indicates  a  similar  phenomenon  in  the 
case  of  Bacillus  amylubucttn;  which  forms  no  cytase  so  long  as 
it  can  obtain  glucose  freely.  If  the  supply  of  the  sugar  is 
stopped,  it  attacks  cellulose,  and  for  that  purpose  secretes  the 
enzyme.  Pfeffer  has  shown  that  the  same  thing  can  be  noticed 
in  the  cultivation  of  throe  organisms,  PeniciUam  glaacum^ 
AsjiergiUus  niger,  and  Bacteritivi  megaOierium,  The  produc- 
tion of  diastase  by  all  three  diminished  as  the  percentage  of 
sugar  was  increased  in  the  medium  in  which  they  were  growing, 
though  Aspergillus  proved  it«clf  less  sensitive  than  the  others. 

In  sevciul  uf  these  cases  the  secretion  of  the  enzyme  appears 
to  be  provoked  by  diminished  nutritiou,  approaching  indeed  to 
incipient  .stan'atioii. 

The  process  of  secretion  aud  the  effect  of  these  stimulations 
upon  it  can  only  be  advantageously  studied  in  the  case  of  well 
difJ'crcntiatcd  glandular  structurtra.  Nor  do  all  these  offer  ctjual 
facilities,  but  those  are  most  favourable  in  which  the  process 
of  secretion  is  both  intermittent  and  fairly  rapid  when  onoe 
initiated. 

For  many  reasons  the  cells  of  the  pancreas  are  the  most 
suitable  for  a  study  of  the  secretory  process.  It  is  true  that 
this  organ  elaborates  several  enzymes,  and  so  far  as  we  know 
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they  are  all  farmed  together  in  the  same  cells.  Their  fomia- 
tion  is  however  a  single  process  so  far  as  can  be  ascerlaiued. 

Hci<tenhain  studied  the  appearances  presented  by  pancreatic 
cells  under  dififerent  conditions  of  nutrition.  In  the  case  of  an 
animal  (dog)  which  had  been  fasting  tor  rather  more  than  a  day, 
each  celi  was  seen  to  consist  of  two  zones ;  one  which  abutted 
on  the  lumen  of  the  alveolus,  and  one  at  the  back  of  the  cell 
towai-ds  ihe  basement  membrane.  The  inner  was  considerably 
the  larger  in  ar«*n  and  was  Rtudde<l  with  fine  gmnulcs.  The 
outer  was  uan-ow  and  its  substance  was  homogeneous.  The 
nucleus  of  the  cell  wa«  shninken  and  comigated,  and  was  found 
at  the  boi-der  of  the  two  zones.  In  the  pancreas  of  another  dog. 
which  was  kilted  during  full  inte.stinal  digestion,  the  same  two 
zones  were  evident,  but  the  homogeneous  outer  one  was  much 
wider  aud  the  inner  gmnular  one  was  enntracted,  the  granules 
being  very  much  less  numerous.  The  whole  cell  had  snft'ored 
a  diminution  in  size,  while  the  nucleus  had  regained  a  spherical 
shape  and  was  nearly  ceutnd  in  pa'^ition.  A  third  pancreas, 
excised  at  the  time  when  digestion  had  cease<l,  showed  the 
outer  zone  again  diminished  and  a  marked  increase  in  the 
granularity  of  the  inner  zone. 

The  times  when  the  granularity  was  most  marked  showed 
that  the  latter  was  ver^'  probably  connected  with  the  presence 
of  the  enzyme,  which  appeared  to  be  formed  during  the  period 
of  rest  and  extruded  from  the  cell  during  that  of  activity.  The 
change  in  size  of  the  cell  which  accompanied  the  pouring  out 
of  the  pancreatic  fluid  showed  that  the  latter  removed  a  con- 
siderable quantity  of  some  soluble  substance  with  which  the 
cell  had  been  distended. 

The  formation  of  the  granules  was  synchronous  with  an 
enlargement  of  the  cell  and  indicated  the  absorjjtion  of  some 
material,  nutritive  in  character,  at  the  expense  of  which  they 
were  constructed. 

KUhno  and  Lea  watched  the  process  of  secretion  in  the 
pancreas  of  the  living  rabbit,  and  noted  similar  appearances  to 
those  described  by  Heidenhain  ;  they  associated  the  prepaiation 
of  the  enzyme  with  the  formation  of  the  granules,  and  the 
pouring  out  of  the  secretion  with  their  dLiappearance. 
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If  wc  turn  to  the  salitary  glands  we  find  similar  phennmeoL 
In  the  mucous  glands  of  the  tongue  of  the  frof^  we  can  seen 
outer  region  lu  which  the  protoplasm  is  clear,  and  a  much  laq^w 
inner  region  which  is  crowded  with  granules.  In  a  serous  gland 
in  a  state  of  rest  the  whole  cell  appears  granular,  there  b«i^ 
no  outer  homogeneous  zone.  When  the  secretory  nerve  b 
stimulated,  an  outflow  of  the  secretion  follows,  and  this  v 
attended  by  a  diminution  of  the  granularity.  In  the  muooo!) 
gland  the  granules  nearly  all  disappear;  in  the  serous  one  thrv 
are  removed  from  the  outer  part  of  the  bell,  which  becomes 
homogeneous.  As  the  granules  are  carried  away  rhe  whol« 
alveolus  shrinks  and  the  outlines  of  the  constituent  cells  become 
more  evident. 

The  same  round  of  changes  can  be  observed  in  the  el 
cells  of  the  gastric  gtand:^,  which  secrete  pepsin.  In  the  vonoi 
regions  of  the  stomach  of  a  mammal  we  can  observe  an  erat 
more  definite  relationship  between  the  granules  and  the  emyme. 
In  the  rabbit  wc  have  an  animal  which  shows  this  relationship 
remarkably  well.  In  the  caniiac  or  fundus  region  of  its  stonuicli 
the  chief  cells  are  very  coarsely  granular,  the  tubular  gli 
appoaring  almost  as  a  masj*  of  granules.  Towards  the  greatct^ 
curvature  this  becomes  less  and  less  obvious;  about  the  middli 
of  this  region  the  cells  pa«.^ess  an  outer  homogeneous  border 
further  on,  as  the  pyloric  region  is  approached  the  cells  eon 
tain  fewer  and  fewer  granuleSjand  the  pyloric  glands  them$el 
are  uou-gi-auular.  This  distribution  corresponds  exiiotly  wi 
that  of  the  pepsin  in  the  mucous  membrane. 

The  regularity  of  the  disappearance  of  the  granules, 
ginning  at  the  outer  border  of  the  cell  and  extending  inwii 
towards  the  lumen,  is  characteristic  especially  of  mammalian 
glands.     In  the  lower  vertebrates,  including  birds,  snakes,  and 
frogs,   the   formation   of  a   non-granular    outer    zone    cannot 
generally  be  observed,  but  there  is  instead  a  diminution  of  thi 
number  and  size  of  the  granules  throughout  the  cell. 

The  reconstruction  of  the  granules  takes  place  with  gn^C 
reafiiness.     The   process   appears    to  begin   before   the    cell   is 
completely  emptied,  and  to  continue  during  the  latter  part 
the  period  of  digestion,  so  that  by  the  time  this  process 
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finished  the  cells  have  almost  reguined  their  original  granular 
appearance. 

In  ftome  case8,  especially  in  the  pyloric  glands  of  the 
stomach,  the  secretion  does  not  appear  as  granules,  but  is 
stored  in  a  homogeneous  form  in  the  meshes  of  the  protoplasm. 

In  comparing  these  different  changes,  which  we  see  are  in 
the  main  the  Kame  for  all  glands,  we  find  that  the  process  of 
secretion  consists  of  a  certain  sequence  of  events.  Starting 
with  a  cell  almost  entirely  depleted,  we  have  its  growth 
at  the  expense  of  something  absorbed  from  without ;  im- 
mcfHately  following  this  growth  there  is  the  manufacture 
of  the  coarse  granules  which  In  the  i-esting  condition  of  the 
gland  fill  the  cells;  and  In-stly,  at  the  onset  of  the  outflow  of 
the  secretion,  we  have  their  solution  and  extrusion  in  the  liquid 
which  the  gland  pours  out. 

In  some  cells  these  processes  go  on  so  far  successively  that 
the  sequence  can  be  observed.  It  may  be  that  all  are  pro- 
ceeding simultaneously  but  at  relatively  difterent  rates.  In 
others  the  round  of  changes  is  the  same,  but  they  progress 
simultaneously  and  at  rates  so  ninch  alike  that  the  sequence 
of  events  becomes  very  indistinct. 

This  difficulty  of  recognising  a  sequence  of  changes  is  still 
more  marked  in  the  case  of  vegetable  secretions,  which  are  usually 
very  prolonged  and  probably  hardly  at  all  intermittent.  They 
have  been  studied  in  a  few  cases  by  various  observers,  but  our 
inforiuatiun  is  not  nearly  so  complete  as  in  the  instauccs  of  the 
animal  cells  already  described.  The  difference  depends  ap- 
parently on  the  character  of  the  metabolism  of  the  plant  and 
the  animal  respectively.  In  the  latter,  digestion  is  an  inter- 
mittent process,  continually  repeated  ;  in  the  former  the  cor- 
responding process,  the  utili.-jation  of  reserve  materials  in  such 
bodies  as  seeds,  tubers,  &c.,  is  a  continuous  and  very  gradual 
one. 

The  obsen'ations  of  Brown  and  Morris  on  the  changes  in 
the  scutellar  epithelium  of  the  barley  grain  arc  among  the 
most  complete  which  have  been  made. 

The  epithelium  covering  the  scutellum  of  the  barley  embryo 
is  composed  of  columnar  cells  having  a  length  of  about  '03  to 
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1)4  mm.  aod  a  breadth  of  Dl  mui.  Their  loii^  axei  are  it 
light  angles  to  the  Hurfaci3,  The  cell- walls  are  very  thin  ami 
are  not  cuticularised.  The  cell-contents  before  the  commezice- 
ment  uf  gerniiuation  are  very  fiuel}'  granular,  and  the  cueleui 
which  is  large  and  elliptical  in  shape,  ties  near  the  base  of 
the*  ceil,  with  its  longer  dimension  across  it.  Within  a  fer 
hours  after  germination  begins  the  ver}'  fine  granules  in  lb? 
protoplasm  become  much  larger  and  coarser,  and  increase  i& 
number  to  such  an  extent  that  the  nucleus,  which  wo-s  at  fiM 
ver}'  couBpicuouB,  is  so  obt)cui-ed  as  to  become  almost  iuvii>iblc 
Tiiis  process  is  couiplote  in  about  a  day,  and  the  j^ranalaritris 
maintained  uutil  the  endosperm  is  almost  exhausted  ot  its 
reserve  materials.  At  this  point  the  epithelium  shows  a  great 
failing  off  in  its  function  aa  a  secreting  tissue ;  the  protvplasm 
again  becomes  clear  and  transparent.  A  few  g^ranulcs  odIt 
remain,  and  they  ore  very  small  and  highly  refractive,  showlTc 
very  Httle  resemblance  to  the  coarse  granulation  exi.sniic 
during  secretion.  Another  remarkable  fact  now  noticenWi*' 
is  that  the  nucleus  of  the  cell  has  entirely  dixappeared. 

The  continued  secretion  depends  upon  the  cells  being  amply 
supplied  with  food.  This  is  derived  from  the  reserve  znatcriali 
of  the  endospenii.  jmrtly  the  cjirhohytlrates  on  which  the 
enzymes  work  and  paitly  reserve -pniteids  obtained  from  the 
aleurono  hiyer. 

It  is  impossible  to  disregard  the  general  siinilurity  of 
feature  between  this  prolonged  process  and  the  iutemiitt«nl 
one  characteristic  of  the  pancreatic  cells. 

The  secretory  process  has  been  studied  by  Gardiner  in  the 
cells  of  the  glands  which  are  situated  on  the  leaf  of  Dionffn. 
As  we  have  seen,  when  the  leaf  of  this  plant  is  stimulated  br 
contact  of  its  surface  with  some  nutritive  material,  the  le»f 
folds  over  and  encloses  the  exciting  body,  and  the  glands  pour 
out  a  digestive  secretion  which  contains  a  proteolytic  enzvme. 
The  process  of  secretion  is  much  more  rapid  than  that  of  the 
barley  embryo,  and  may  be  repeated  more  than  once  by  the 
same  gland. 

Gardiner  distinguishes  four  periods  in  the  act  of  secrettoo 

(i)  one  antecedent   to  secretion,  when  the  cells   are    in   the 
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resting'  condition ;  (ii)  a  penod  during  which  the  secretion  is 
formed  and  extnided  from  the  gland  ;  (iii)  a  time  when  absorp- 
tion of  tho  digested  material  is  effected ;  (iv)  a  period  of 
recovery.  In  the  first  of  these,  a  layer  of  protoplaam  lines  the 
wall  of  the  cell,  and  shitoiiikIs  a  largo  central  vacuole,  tilled 
with  cell-sap.  The  protuplasiu  is  extremely  granular,  especially 
round  the  nucleus,  which  is  situated  at  the  base  of  the  cell. 
In  many  cases  it  in  (juite  obHCured  by  the  gi-aimles.  At  the 
end  of  the  second  period  the  nucleus  hiis  moved  to  the  centre 
of  the  cell  and  is  surrounded  by  a  layer  of  protoplasm,  which  is 
connected  by  bridles  with  the  parietal  film.  The  protoplasm 
has  lost  its  granularity  and  has  become  clear  and  hyaline.  The 
nucleus  itself  is  much  smaller  than  before. 

Gardiner  noticed  also  in  the  glandular  cells  of  the  tentacles 
of  Drosera  that  in  the  resting  condition  of  the  glands  the 
protoplasm  was  much  more  granular  than  it  became  after  a 
period  of  activity  or  secretion.  Similar  results  were  obtained 
by  Miss  Huie. 

The  secretion  of  rhamuase  by  the  raphe  of  the  seed  of 
Mhammis  infectorius  is  statetl  by  Marshall  Ward  to  be  attended 
with  tho  formation  of  granules.  The  c^-tase  of  the  hyphae 
of  JiottytiSf  as  described  by  the  same  observer,  appears  to  be 
aiBooiated  with  a  number  of  brilliant  re&iugcDt  granules  which 
give  proteid  reactions.  These  are  very  apparent  in  the  di'ops 
of  fluid  which  the  hyphtc  exude  when  they  come  into  contact 
with  a  fresh  leaf  surface;  moreover  they  only  appear  when  the 
hyphiE)  are  secreting  the  enzyme. 

If  we  pass  from  the  more  definitely  glandular  tissues  to 
those  which  are  the  seats  of  intracellular  digestion  the  process 
of  secretion  is  not  nearly  so  eauly  traced.  In  a  few  cases  it 
has  been  found  to  h*:  at*uciated  with  granularity  of  the 
protoplasm  of  the  cell,  but  this  is  far  fn)m  universal.  Nor 
need  we  expect  to  find  the  stages  so  evident  in  these  cases, 
for  the  moohanism  of  secretion  is  not  nearly  so  well  ditferen- 
tiated.  The  cell  in  which  the  process  is  to  take  place  must  not 
meivly  furnish  the  enzyme  ;  it  has  aliso  to  aKsorb  and  perhaps  to 
prepare  the  material  on  which  the  enzj-me  must  work,  and  it 
has  to  dispose  in  some  way  or  other  of  the  products  of  the 


380 


THE  SECRETlOy   OF   ENZVMES. 


[CE 


digestion.  These  various  functions  must  necessarily  push  Uk 
process  of  secretion  somewhat  into  the  background,  or  at  any 
rate  obscure  the  appearauces. 

We  have  in  Guigimrd's  researches  upon  rayrosin  some  faco 
brought  to  light  which  indicate  an  essential  similarity  of  th« 
procesw  to  that  already  described.  The  cells  in  the  roots  of  Xht 
horse-radiHh  and  other  plants  which  coutain  the  myrostn  can  be 
recognised  by  their  iM>cuIiar  granular  contents*  which  give  a 
very  marked  reaction  with  ^fillon's  rcagcnt,  the  colour  produced 
being  much  more  intense  than  that  which  is  developed  wbco 
this  tluid  comes  into  contact  with  protcids.  Guig'uard  has 
dcrauustrated  a  close  correspondence  between  the  degree  of 
this  granularity  and  the  amount  of  enzyme  in    the  oeUs. 

The  process  of  the  secretion  of  diasta.sc  in  the  cells  of 
foliage  leaves  is  haitlly  at  all  known.  Some  re-senrches  carried 
out  by  A.  Meyer  seem  to  indicate  that  it  dooH  not  arwt  ia 
the  ordinary  protoplasm  of  the  cell,  but  is  formed  in  the 
chromatophore  or  chlorophyll  grain.  The  same  thing  has  bea 
noted  in  connection  with  tht^  parts  of  the  plant  which  are  noi 
green,  where  the  diastase  appeai-s  to  arise  lu  the  leuooplastitU 
which  form  the  grains  of  starch.  The  hypothesis  is  larg^ 
baaed  upon  the  appearances  presented  by  grains  which  hare 
been  [wrtially  dis.solvetl  by  the  tMizyme.  Meyer  describes  msDj 
cases  in  which  the  starch  grains  were  attacked  most  ener- 
getically where  the  sheath  formed  by  the  stroma  of  the  pla«tid 
was  thickest.  In  Iris  he  frequently  found  the  side  of  the  grain 
eaten  out  to  some  extent  where  the  leucoplaBt  was  in  conCsct 
with  it. 

Meyer's  \-iew  has  been  confirmed  by  Salter,  who  mode  s 
series  of  observations  on  the  starch  grains  of  Pellionia.  He 
says  with  reference  to  these,  that  when  he  examined  ci-aius  in 
process  of  solution,  he  found  the  action  had  proceeded  furthest 
nt  the  point  where  the  plastid  was  situated.  The  Utter  had 
practically  eaten  its  way,  in  many  cases,  into  the  substance  of 
the  starch  grain. 

Though  in  so  many  cases  we  are  able  to  associate  the 
secretion  of  enzymes  with  the  formation  of  the  coarse  granules 
described,  it   by   no   means  follows   that   the   latter  are   the 
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ferments.  Indeed  evidence  lies  ready  to  liand  that  this  is  not 
the  case.  If  a  pancrea.s  is  removed  from  a  fii-sting  dog 
immediately  after  death  and  at  unce  extracted  with  au 
appropriate  solvent,  the  resulting  extract  has  little  or  no 
femtcntntive  activity.  If  however  it  is  kept  warm  for  a  few 
hours,  and  particularly  if  it  is  faintly  aciilifit^d,  the  extract  will 
be  very  powerful.  If  the  extract  made  immediately  after 
death  is  acidifiud  nud  kept  warm  for  some  time,  it  wiW  become 
active.  The  material  extracted  from  th«,i  gland  c^lls.  which 
we  have  seen  to  be  coonected  with,  if  not  composed  of,  the 
granules^  is  not  the  enzjTne,  but  something  which  rapidly  gives 
rise  to  it  when  warmed  with  a  trace  of  acid.  This  antecedent 
substance  has  been  named  "  mother  of  ferment "  or  zymogen. 

There  appears  to  be  for  each  enzyme  a  distinct  untcfieiient 
or  zymogen,  in  which  form  it  is  stored  in  the  cells,  ready  to  be 
transformed  into  the  active  ferment  directly  it  is  required. 
This  change  seems  to  take  place  immediately  prior  to,  or 
perhaps  during,  its  extrusion  from  the  cell. 

We  see  thus  that  we  can  recognize  in  the  secretion  of  en- 
zymes a  gradual  process,  at  least  one  antect^lent  body  being 
formed.     Are  we  able  to  investigate  this  process  more  closely? 

In  the  recital  of  the  changes  in  the  cells,  we  have  noticed 
almost  alwa^'s  that  the  nucleus  has  appeared  to  play  a  part  in 
the  secretion,  though  what  its  function  is  has  not  so  far  been 
apparent.  We  may  readl  here  the  observation  uf  Brown  and 
Morris  on  the  scuteliar  secretion  of  diastase.  This  is  a  process 
which  is  continuous  after  its  first  inception,  and  not  inter- 
mittent like  that  of  animal  glands.  It  vnW  be  remembered 
that  when  the  secretion  has  ceased  and  the  gi-auularity  of  the 
cells  has  disappeared,  the  nucleus  is  found  to  be  disintegrated. 

Some  extended  researches  upon  this  point  have  been  carried 
out  by  Macallum  in  connection  with  on  enquiry  into  the  distri- 
bution of  iron  and  phosphorus  in  cells  generally. 

His  experiroent-s  were  carried  out  on  the  imncroas  of  several 
animals,  by  means  of  staining  reagents  which  coloured  differently 
the  various  parts  of  the  cytoplasm  and  nucleus,  and  al.so  of  cer- 
tain special  reagents  capable  of  detecting  iron  and  phosphorus. 
Using  eosin,  he  found  that  at  a  time  coinciding  closely  with  the 
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comtnoncement  of  the  depoation  of  the  zymc^en  granales  is 
the  cell,  some  mabprial  which  stainerf  conspicuously  with  thai 
dyo  diHuppeared  from  the  Ducleus,  and  the  cytoplasm  sumi]- 
taneoiisly  developed  an  affinity  for  the  eosin.  In  other  woHi, 
an  eosinophil  oils  substance  diffused  out  of  the  nucleus  mio  the 
cytopla«inic  zone.  Later,  this  same  substance  appeared  to  U 
removed  from  this  region  to  be  fixed  in  some  way  in  \k» 
zymogen  granules. 

Macallum  uoticed  further  that  as  the  cell  waa  filUug  up 
with  zymogen  granules  the  lattor  were  lai^est  at  the  border  d 
the  lumen  of  the  tubule,  while  the  smallest  were  at  the  edge 
of  the  grauulnr  area  ueai-est  to  the  nucleus.  The  grsntilfls 
appeared  to  increase  in  size  after  their  first  fonnation,  at  tlw 
expense  of  a  substance  in  the  protoplasmic  area  of  the 
gland  ceil. 

This  relation  between  the  nucleus  and  the  zymogen  gnumlA 
is  supported  by  a  striking  re-semblfmce  in  chemical  compoeitioa. 
The  chromatin  of  the  nucleus  contains  phosphorus  in  oom- 
binatiun.  When  nuclei  are  digested  by  artificial  gjwfcric  juiof 
a  residue  containing  phosphorus  always  remains  undissolved. 
This  is  associated  with  the  nuclein  which  they  contain,  the 
chromatin  appearing  ti>  belong  to  the  clatis  of  nudoo-proteidi 
The  zymogen  granules  in  the  cells  of  the  pancreas  of  Pit- 
mt/ctjjtns,  after  being  freed  from  adherent  lecithio.  were  aln 
fotnid  to  contain  phosphorus,  which  however  was  hardly 
intimately  combiuwl  in  thf^m  as  in  the  nuclear  chromatij 
The  pi-otoplasm  in  which  the  granules  lay  in  the  inner  20a 
of  the  cell,  also  gave  the  phosphonis  reaction,  but  much  Ic 
distinctly.  The  outer  protopliisniic  zone  gave  a  reaction  whic 
was  intermediate  in  depth,  and  which  appeared  to  be  due  not  I 
the  cytopln-sm  itself,  but  to  a  substance  contained  in  it«  mefifae 

All  these  various  constituents  of  the  cell  were  found  td* 
contain  iron  in  addition  to  phosphorus  and  in  much  the  same 
proportions.  Macallum  found  that  in  a  large  variety  of  secreting 
cells,  glandular  secretion  was  associated  with  the  presence  of  i 
irou-holdiiig  cytoplasm.  Among  tliem  may  be  tnentioned  thfl 
cells  of  the  pancreas,  the  gastric  and  intestinal  follicles  and  the 
parotid  gland  of  Anihlystoma ;  also  the  cells  of  the  submaxillary 
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glands,  and  the  cbief  cells  of  the  cardiac  gastric  glands  of  the 
dog  aiid  cat.  In  diflFerent  stages  of  secretion  the  amonnt  of 
iron-holding  substaucc  varied.  When  the  ccli  was  exhausted 
and  the  granules  of  zymogen  were  scanty  the  cytoplasm  still 
gave  the  reaction,  though  only  faintly.  In  tact  tho  iron-holding 
aren  of  the  cytoplnam  varied  inversely  as  the  granular  zone. 

Aa  the  result  of  his  experiments  Macallnm  puts  forward 
the  hypothesis  that  the  nucleus  forms  out  of  its  chromatin  a 
material  which  he  calls  prozymogeu^  and  extrudes  it  into  the 
cytoplasm.  Before  extrusion  it  may  be  diffused  in  the  nuclear 
substance,  or  collected  into  definite  masses  which  he  calls  ^/ctsmo- 
somata.  When  extruded  into  the  cytoplasm  some  of  it  unites 
with  a  constituent  of  the  latter  and  becomes  zymogen,  which  is 
soon  aggregated  into  granules.  The  increased  size  of  the 
gianules  aa  they  lie  in  the  inner  zone  is  due  to  a  fiirther 
addition  from  the  prozymogen  of  that  region. 

Macallnm  holds  further  that  the  chromatin  of  the  nucleus 
is  an  iron-holding  nuclco-albumin,  in  which  the  iron  is  attached 
to  the  nuclein. 

In  such  cells  the  process  of  secretion  apiiears  therefore  to  be 
intimately  associated  with  this  constituent  of  the  nucleus.  At 
the  biinic  time  the  zymogen  is  not  pui-ely  a  unclear  product,  the 
cytoplasm  of  the  cell  contributing  to  the  later  stages  of  its 
ooDstniction. 

Macallura  has  found  also  that  the  ale u rone-layer  of  the 
endoftperm  of  the  wheat  grain  gives  the  same  reaction  for  iron 
aa  do  the  cells  of  the  pancreas.  We  have  already  seen  reason 
to  attribute  considerable  secretory  activity  to  this  layer,  parti- 
cularly in  connection  with  the  foi-mation  of  cytase. 

Macallnm  noticed  a  similar  distribution  of  iron  in  some 
Protozoa.  We  have  seen  that  it  is  probable  that  these  uni- 
cellular organisms  digest  their  food  by  the  agency  of  eazymaa 
which  are  secreted  into  definite  vacuoles  which  surround  the 
ingested  particles.  From  his  observations  he  holds  it  to  be 
probable  that  there  is  the  same  relation  as  in  the  gland-cells 
between  a  zymogen  and  an  iron-holding  compound  which  is 
contained  in  the  meshes  of  their  cytoplasm. 

The  view  that  the  secretion  of  the  ens^mes  may  thus  be  a 
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gradual  process  paaBtng  through  several  sta^eis  has  been  fui 
fonvard  by  other  observers.  It  was  suggested  m  1882  fcj 
Langley  in  the  followiug  words';  "There  are  one  or  !■• 
further  observations  ou  the  relation  of  pepsin  to  the  gland  orb 
which  are  suggesttd  by  some  experiiuents  of  Briicke.  Br^r 
pointed  ont  that  prolonged  ejctractiou  with  waiter  does  not  tike 
out  all  the  pepsin  from  the  glaud  cells;  the  remaiuing  lieAW 
vhen  treated  with  dilute  hydrochloric  acid  still  gives  a  pepshi* 
containing  extract.  He  further  pointed  (int  that,  when  iIk 
gastric  mucous  membrane  is  treated  with  dilute  hydiocfalonc 
acid  until  it  is  quite  broken  up,  the  residue  nevertheleas  when 
washed  and  again  treated  with  dilute  hydrochloric  acid  still 
gives  a  pep»in-CQnUiii)ing  extract.  We  could  scarcely  imagine 
that  this  could  be  the  case  if  the  zymogen  existed  in  the  celk 
in  one  st-ate  only.  It  necessitates  a  conception  of  the  ^aod 
cells  which  seems  to  roe  indeed  on  general  g7x>und.s  almost 
necessary.  I  conceive  the  matter  thus.  The  protoplasm  of  tbe 
gland  cells  does  not  nt  one  swoop  form  z^Tiiogen  as  it  occim 
immediately  previous  to  its  conversion  into  pepsin,  but  fona^d 
certain  intermediate  bodies  in  which  the  zymogen  radiclflH 
become  more  and  moro  isolated.  Since  the  zymogen  contaim 
the  radicle  of  the  ferment,  the  fenneut  will  be  obtained  witb 
greater  difficulty  from  the  imperfectly  elaborated  zymogen,  ti. 
as  w©  ascend  from  the  final  mesostate  to  protoplasm 
ferment  will  be  split  off  less  and  less  readily.  The  last 
of  ferment  then  which  are  obtained  by  repeateil  extractions, 
take  to  arise  from  the  splittiug  up  of  substance  which  was  oo 
the  way  to  bo  converted  into  zymogen." 

We  may  now  turn  our  attention  to  the  relation  between 
zymogens  and  enzymes,  and  to  the  differences  which  mav  be 
shown  to  exist  between  them. 

We  have  pointed  out  already  that  the  evidence  in  fax'onr  of 
the  granules  consisting  of  zymogen  and  not  of  enzyme  is  baaed 
ui>nn  a  comparison  of  the  fermentative  power  of  a  (resh  tissue 
before  and  after  being  warmed  with  a  dilute  acid.  A  more 
convincing  proof  has  been  offered  by  Langley  in  counectitjo 
with  his  researches  on  the  histology  of  the  mammalian  gastric 
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glands.  He  ascertained  that  pepsin  is  rapidly  destroyed  when 
wormed  gently  with  a  1  per  cent,  solution  of  sodium  carbonate, 
and  applied  this  peculiarity  in  testing  the  contents  of  a  mucous 
merabraue.  In  a  very  striking  experiment  he  used  an  extract 
of  the  mucous  membrane  of  the  fundus  and  greater  curvature 
of  the  stomach  of  a  rabbit,  which  was  powdered  and  macerated 
in  water  for  2^  hours  at  32"  C.  He  divided  the  filtered  ex- 
tract into  two  parts,  and  warmed  one  of  them  at  32"  C.  for 
60  minutes  in  the  presence  of  06  per  cent,  of  hydrochloric 
acid,  neutralising  it  with  dilute  alkali  at  the  end  of  that  time. 
This  would  effect  the  conversion  into  pepsin  of  any  zymogen 
present  in  the  extract.  At  the  same  moment  he  added  to 
the  other  the  same  amount  of  acid  and  alkali  simultaneously. 
The  two  extracts  are  referred  to  by  him  as  P  and  Z.  They 
only  differed  in  that  P  had  been  warmed  with  the  acid  before 
the  alkali  was  added,  while  Z  had  not.  He  then  added  to 
10  c.c.  of  each,  an  equal  volume  of  2  per  cent,  solution  of  sodium 
carbooato,  and  kept  them  at  39**  C.  for  15  minutes.  They 
were  then  removed,  neutralised,  and  made  up  to  2  per  cent. 
of  hydrochluric  acid,  and  some  fibrin  was  added  to  each.  P  failed 
to  digest  more  than  a  trace,  while  Z  was  eminently  peptic. 

The  substance  extracted  from  the  glands  had  been  left  un- 
affected in  Z  by  preliminary  ti-catment  with  acid ;  it  was  not 
destroyed  by  the  sodium  carbonate,  for  it  was  rendered  active 
by  the  subsequent  acidification  and  digested  the  fibrin ;  the 
same  substance  in  P  had  been  acted  on  by  the  acid  for  some 
time  before  being  subjected  to  contact  with  the  alkali,  and  was 
evidently  destroyed  by  the  latter,  as  the  neutralised  and 
subsequently  acidified  liquid  then  poRsesse<:l  no  peptic  power. 
The  extracted  material  was  capable  of  giving  rise  to  pepsin  on 
warming  with  an  acid,  as  shown  by  Z.  In  P  this  pepsin, 
formed  during  the  first  warming  with  dilute  acid,  was  de- 
stroyed by  the  alkali.  The  substance  was  not  pepsin  at  the 
time  of  its  extraction,  or  it  would  have  been  destroyed  in  Z 
also.  In  the  condition  in  which  it  was  present  in  the  original 
gafitric  extract,  the  sodium  carbonate  had  no  action  on  it. 

By  this  experiment  Langley  showed  that  the  granular 
matter  thus  extracted  from  the  glands  is  not  pepsin  but  an 
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antecedent  or  zycaogea,  and  fui-ther  demonstrated  a  diQerence 
between  the  latter  and  the  enzjTue  with  regard  to  their  be- 
haviour with  dilute  alkalis. 

The  zymogen,  being  the  antecedent   of  pepsin,  has  been  | 
called  pepsinogm. 

Langley  showed  by  eimilar  means  that  the  gastric  glands  of 
the  dog,  sheep,  mole,  snake,  &og,  and  neni>  contain  pepsinogen 
and  not  pepsin. 

Pepsinogen  can  be  converted  into  pepsin  not  only  by  dilute  | 
acids  but  by  dilute   alkalis  also.     The  latter  must   be   very 
dilute  or  the  pepsin  is  destroyed  almost  as  fikst  aa  it  is  formed. 

Ueidenhain   showed   in    1875    that    the    secretion    of    the  h 
pancreiM  contained  trj-psinogen  and  not  tT)*psin.  and  that  the  fl 
former  could  bo  converted  into  the  latter  by  the  action   of 
acids.     A  watery  extract  of  the  gland  slowly  ac(|uirea  tryptio 
powers. 

Haminarsten  showed  in  1872  that  the  rennet  enzyme  of  tbe 
stomach  is  also  derived  from  a  zjinogon.  Ijangley  confirmed 
this  observation  in  1H81.  He  prepared  an  extract  of  the 
mucous  membrane,  nsing  *l  per  cent  solution  of  sodium  car- 
bonate as  the  solvent.  When  a  part  of  this  extract  was 
made  acid,  warmed  for  15  minutes,  and  subsequently  made 
alkaline  again,  it  rapidly  caused  clotting  in  milk,  while  the 
original  extract  unwarmed  with  acid  possessed  no  such  power. 
It  was  necessary  to  work  with  a  faintly  alkaline  solution,  as 
a  very  little  acidity  causes  precipitation  of  the  casein,  aa 
already  shown.  The  alkalinity  had  however  to  be  very  slight,  as 
rennet  zymogen  is  rapidly  destroyed  by  as  little  as  "5  per  cent.  ^ 
of  sodium  carbonat'e.  There  is  not  the  difference  in  this  respect  V 
between  the  zymogen  and  the  ena^'me  as  is  the  case  with 
pepsin  and  its  antecedent 

The  evidence  for  the  existence  of  the  zymogen  of  salivary 
diaatiLso  is  not  so  complete,  though  analogy  with  other  secretions 
points  to  its  existence,  and  it  is  strongly  suggested  by  tbe 
appearances  in  the  celht  of  the  salivary  glands  already  de- 
scribed. A  certain  amount  of  direct  c\*idenco  however  is  not 
wanting.  Qoldschmidt  has  demonstrated  its  existence  in  the 
saliva  of  the  horae.    Certain  facts  which  were  ascertained  by 
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the  writer  point  to  its  presence  in  human  saliva  also.  It  is  not 
easy  to  determine  it  in  the  latter,  as  the  secretion  contains  so 
much  reafiy-formed  diastase.  Some  saliva  was  secreted,  freed 
from  mucin,  and  considerably  diluted  and  2  per  qent  of  potassic 
cyanide  was  added  to  the  lirjuid.  This  antiseptic  was  found  to 
be  very  valuable  in  preserving  saliva,  such  a  preparation  having 
been  found  to  retain  its  activity  unimpaired  for  several  months. 
The  saliva  so  prepared  was  divided  into  two  portions;  one  of 
them  was  kept  for  21  days  in  an  incubator,  the  temperature 
of  which  vfoa  maintained  at  38^  C,  while  the  other  remained  at 
the  laboratory  temperature.  At  certain  intervals  2  cc.  of  each 
were  digested  with  20c.c.  of  1  per  cent,  starch-paste  and  the 
products  of  hydrolysis  were  titrated  with  Fehling'a  fluid. 
The  following  table  gives  the  result  of  the  experiment. 


Cnprie  oxlita  redoetd 

(^ipric  oxMa  radnood 

Tine  of 

br  prodocv  of  Mtloa 
or  3cc.  of  till  wktitiimI 

br  nroAucU  of  udon 
0)  3 CO.  of  UDwmniMd 

to  arc 

mUv&  oa  an  c  c  of 

Mllra  on  30  cc.  of 

itanli-faau 

■tansh-puu 

days 

grras. 

grtiu. 

1 

•0565 

■046 

3 

•0697 

•046 

8 

•067 

-062 

9 

■0706 

-0708 

15 

•066 

•005 

21 

■032 

•004 

From   these  experiments,   it   is   probable  that   the  saliva 

contained,  in  addition  to  a  certain  amount  of  diastase,  a  small 

quantity   of   zymogen,   which   exposure    to   a    temperature  of 

88"  C.  converted  into  the  enzyme  almost  completely  in   three 

days.     Possibly  a  little  remained  unchanged  till  the  ninth  day. 

Aft«r  l.i  days  at  this  lempcrature  the  enzyme  began  to  change, 

losing  its  hydrolytic  puwiT,  which  at  the  end  of  the  twenty-tirst 

'  day  was  much  less  than  at  the  beginning  of  the  observation.    At 

'  the  temperature  of  the  laboratory,  which  would  be  about  18"  C. 

the  zymogen  did  not  begin  tu  bo  converted  into  the  enzyme  till 

[after  the  third  day,  and  it  then  progressed  gradually  for  the 

'  rest  of  the   lime  it  was   under  observation.     There  was   no 

destruction  of  the   enzyme  at  that   tempernturo  during  the 
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whole  of  the  period,  so  that  the  canre  of  its  activity  roee 
somewhat   higher    than   did   the    coirespondiog   curve   of  the 
wanned  extract,  in  which,  during  port  of  the  experiment,  bot^ 
processes  were  at  work.  ■ 

Some  experiments  made  b}'  the  writer  upon  the  acticm  of 
light  upon  dilate  saliva  also  point  to  the  exisitcncc  of  zymogen 
in  the  secretion. 

A  preparation  of  saliva  made  in  the  way  already  described, 
and  preserved  by  the  same  antiseptic  or  in  the  experiraent* 
quoted,  was  exposed  for  several  hours  to  the  rays  of  the  electric 
arc  at  such  a  distance  that  the  heating  effects  of  the  lamp  were 
imperceptible. 

By  the  use  of  certain  screens  the  effect  of  different  parte  of 
the  spectrum  were  examined  separately.     The  screens  were 
prepared   according  to  the  directions  of  Landolt^  given   ia 
his   work   on   rotation-dispersion.     The  coloured   liquids   em- , 
ployed  for  this  purpose  enabled  the  rays  of  the  spectrum  toj 
be  divided  into  seven  sets,  which  may  be  called  roughly  the 
infra-red,  red,  orange,  green,  blue,  violet,  and  ultra-violet     The 
red  rays  included  raj's  of  wave-length  710 — 64o/i>i;  the  orange 
G-15—585^/1.  the  green  585^o{)0^/4.  the  blue  500— tSO/*;*,  and 
the  \iolet  those  of  the  visible  spectrum  beyond  430/ifE~ 

Afler  the  exposure,  during  which  the  temperature  of  the 
saliva  was  registered  by  a  maximum  thermometer,  the  diastasic 
power  of  the  preparation  was  ascertained  by  allowing  .l  cc.  to 
digest  with  20 cc.  of  soluble  starch  in  1  per  cent  soluiiuo.  A 
control  preparation  was  in  atl  cases  examined,  which  was 
composed  of  the  same  saliva  suspended  with  the  other  in  froDt  i 
of  the  lamp  but  pn^tected  from  the  light  by  an  opat^ue  screen. 
The  table  on  page  389  shows  the  effect  of  the  action  of  the  li^t 

The  results  must  be  rcceivetl  with    a  certain  amount  ofj 
caution,  as  with  such  different  screens  it  was  not  at  all  emay  (0 
get  the  intensity  of  the  transmitted  light  the  same  in  emA 
case,  though   as   much   care   as   possible   was   taken.     Slight 
differences  in  intensity  in  any  one  case  were  found   however  j 


1  L&ndolt     "Methods  Eor  BaKimniung  der  IloUUoD»(U«penion  nit  Hilfl 
von  SttaUeofllteni."    Btr.  d,  tUui.  ekem,  OeuU,  IttOI,  p.  S87S. 
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Dot  to  have   a  very  marked   effect  during   the    time   of  the 
exposure. 


Oapric  raide 

In  gmu. 

Cniirlo 
ox  Ins  In 

Inerwn  or 

nduoMl  by 

dtmliiuUiMi  of 

Itunua  or 
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Mtatton  ei- 

fTTU. 

T«ifiie«(l  bv 
UQCi  posed 

Kmcnnt  of 

dlmlDntioa 

iBOWMOr 

enmlBfed 

poMd  lobuu). 

CuO  ndVMiL 

of  dJMllW 

dtmbiirtlon 

hTler  comctioo 

Dlmlantlan 

p«r  OMit. 

pnt  cent. 

for  infrm-nMl 

■olutlon 

liutl<mt«d  br 

mr« 

—  Oga 

Ked 

•0557 

■0354 

+•0903 

+67-4 

720—640^^ 

■0566 

•0393 

+•0172 

+43-7 

-0921 

•0568 

+  •08-^3 

+6S-1 

•0518 

-0043 

+  ■0175 

+61-0 

+53-5 

Orange 

«»8 

■0323 

+  ■001.1 

+4*6 

M^SBrttift 

•02»6 

-0S82 

+  ■0014 

+  4-9 

+475 

Green 

-0285 

•0333 

-■0048 
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•0107 

•0129 

-•0022 

-17"0 

-157 

Blue 
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+  ■0040 

+  10-6 
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+  •0143 

+  251 

+  20-8 
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»duo*d  tnr 
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+  •0016 

+  50 

+  I0-8 

-0323 
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+  •0047 
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Less  careful  separation  of  the  rays  of  light  showed  that  the 
red  end  of  the  spectrum  also  increased  the  aiuount  of  diastase 
in  a  freshly -prepared  extract  o^  malt. 

From  these  experiments  it  seems  probable  that  saliva 
ooDtains  a  zymogen  which  can  be  converted  into  diastase  with 
OODsiderable  readiness  by  exposure  to  the  red  ra}^*  of  the 
spectrum.  The  infra-red,  orange  and  blue  rays  have  a  similar 
but  less  pronounced  effect 

The  other  rays,  particularly  those  of  the  violet  and  ultra- 
violet regions,  have  the  power  of  destroying  diastase  almost  as 
effectually  as  temperatures  above  70*0. 

The  zymogens  of  the  vegetable  enzymes  have  not  been  very 
closely  studied  up  to  the  present  time.    Their  existence  was 
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first  established  by  Viues  in  his  experiments  on  Nepeidhm. 
He  treated  some  pitchers  of  this  plant  with  dilute  acetic  acid 
(1  per  cent.)  for  2*  hours  before  extracting  them  with  glycerine, 
and  at  the  same  time  extracted  other  siuiilar  pitchers  with 
glycerine  without  preliminar)'  treatment  with  acid ;  the  firsi 
extract  possessed  greater  proteolytic  powers  than  the  secoDtJ 
leading  him  to  infer  that  a  zymogen  was  present  in  the  glandq 
which  was  converted  into  an  enKyroo  by  the  acid. 

The  writer's  experiments  on  the  antecedent  of  the  enzyme  in 
the  resting  seed  of  the  Luptn  also  indicate  a  similar  conditioo 
in  the  cells,  though  its  identification  is  not  so  easy,  as  the 
acid  treatment  usually  adapted  for  zymogen  conversion  is  not 
available,  the  digestion  having  to  be  a  prolonged  one  and  to  be 
conducted  in  an  acid  medium.  The  zymogen  was  ascertained 
to  exist  by  a  mollification  of  the  treatment  ndi»pt>ed  by  Langley 
in  the  case  of  the  pejjsiuogen  of  the  stomach,  based  upon  the 
destruction  of  the  enzyme  by  dilutee  alkalis,  which  do  nut 
decompose  the  zj'mogen. 

Inulase  can  be  more  easily  shown  to  exist  as  a  zymogen  in 
the  resting  tuber  of  the  artichoke.  In  the  writer's  experiments 
some  pieces  of  full-grown  tubers  were  kept  at  a  tempei-ature  of 
35"  C.  for  24  hours.  An  extract  then  prepared  from  them  was 
found  to  convert  iuuliu  iuto  sugar,  while  an  extract  made  from 
other  pieces  of  the  same  tubers  without  warming,  was  inert 
When  sume  of  this  latter  extract  was  subsequently  warmed 
for  a  time  with  a  solution  of  acid-albumin  in  '2  per  cent, 
hydrochloric  acid,  some  enzyme  was  developed  in  it,  thoagb 
less  than  was  obtained  by  warming  the  tubers  alone  before 
extraction  as  described.  Treatment  with  acid  alone  was  uselcu 
in  the  case  of  inulase,  as  the  quantity  needed  to  convert  the 
zymogen  was  suliicient  to  destroy  any  ferment  liberated  from  it 

The  lipase  and  rennet  of  the  cast<:ir-oil  seed  have  also  been 
shown  by  the  action  of  acid  to  exist  in  the  zymogen  couditiun 
until  the  onset  of  germination,  the  former  of  them  being 
convertible  into  the  ferment  also  by  the  prolonged  action  of 
water  without  acidification. 

Brown  and  Morris  mention  that  the  quantity  of  diaNtaM* 
secreted  by  the  epithelium  of  the  scutellum  of  the  barley  gmiu 


XX  ll] 


zruoGENa 


S91 


is  increased  20  per  cent,  by  the  presence  of  very  dilute  fonnic 
acid.  Baranetzky  found  that  a  freshly-prepai-ed  extract  of  the 
Il'Rvcs  of  Melianthus  major  was  incapablo  of  hydrolysing  starch, 
bnt  that  after  standing  a  few  days  it  possessed  diastAsic  powers. 
He  noted  the  same  thing  iu  the  case  of  the  tubers  of  the 
potato. 

Experiments  made  by  Rcychlcr,  and  by  Lintner  and 
Eckhardt,  point  to  the  existence  of  u  zymogen  in  the  cells  of 
the  grain  of  wheat.  They  found  that  the  action  of  a  dilute 
acid  upon  the  gluten  of  wheat  gave  rise  to  a  diastasic  enzyme. 
The  experiments  do  not  seem  however  to  be  quite  conclusive, 
as  the  gluten  might  have  contained  a  little  of  the  diastjise  of 
translocation,  which  we  have  seen  is  present  in  the  ripe  endo- 
sperm, though  in  very  small  amount. 

Frankhauser  observed  that  during  the  germination  of  barley 
small  quantities  of  fonnic  acid  could  be  detecte<!  in  the  grains. 
This  may  be  regarded  as  important  in  discussing  the  increase 
of  diastasic  power  attending  germination,  as  such  an  acid  would 
probably  transform  a  zymogen  into  ferment. 

The  existence  of  a  zymogen  which  is  the  antecedent  of  the 
fibrin  ferment  or  thrombase  has  been  suggested  by  many 
observers,  but  a  satisfactory  proof  of  it  can  hardly  yet  be  said 
to  be  forthcoming. 

The  most  definite  statements  on  the  subject  which  have  so 
for  been  published  are  those  of  Pekelharing,  who  claims  to  have 
been  able  to  prepare  a  substance  from  oxalated  plasma  which  in 
many  respects  resembles  a  globulin,  but  is  devoid  of  fibrino- 
plastic  properties ;  after  contact  with  calcium  cLhiridc  it  acquires 
the  power  of  inducing  coagulation  of  fibrinogen  solutions. 
Pekelharing  regards  this  as  a  zymogen ;  he  says  that  on  com* 
bustion  it  yields  an  ash  which  contains  little  or  no  calcium,  while 
thrombase  itself  is  rich  in  that  ineUil.  Pekelharing  holds  this 
substance,  like  Halliburton's  thrombase,  to  be  a  nucleo-proteid. 
He  found  it  possible  to  precipitate  it  from  plasma  by  the  addition 
of  acetic  acid.  Accoi"ding  to  him,  a  number  of  bodies,  first 
examined  by  Wooldridge.  and  named  by  him  tissue-fibrinogena, 
which  are  capable  of  causing  coagulation  of  the  blood  in  the 
living  blood-vessels,  will  yield  thrombase  on  treatment  with 
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calcium    chloride.     Pekelbaring    coDHiders   that   these   bodies 
coutain  the  /ymugen. 

He  explains  the  action  of  peptone  in  inhibiting  coagulation 
of  the  blood  by  the  h^'pothesis  that  this  proteid  haa  a  strong 
affinity  for  calcium  compounds,  and  that  when  it  is  injected  into 
the  blood  it  prevents  the  interaction  between  those  which  the 
blood  contains,  and  the  zymogen  which  is  also  present.  Con- ! 
sequcntly  thrombase  is  not  formed  and  the  blood  does  not 
coagulate  when  shed.  He  quotes  in  support  of  this  view  a 
statement  of  Munk  that  soaps  which  oombine  with  calciani 
compounds  produce  similar  symptoms  to  those  caused  by 
peptone  when  injected  into  the  blood-vessels.  All  the  dele- 
terious effects  which  follow  the  injection  of  peptone  ri« 
obviated  by  injecting  a  solution  of  some  salt  of  calcium  at 
the  same  time. 

Pekelharing  suggests  that  intravascular  clotting  is  caused 
by  the  rapid  conversion  of  zymogen  into  ferment  He  says 
that  peptone  will  restiuiu  coagulation  in  intrava^ular  plasma 
if  added  so  rapidly  that  the  zymogen  has  not  time  to  combine 
with  the  calcium  salt  to  form  the  ferment 

This  view  is  not  however  iu  accordance  with  the  fact  which 
has  been  noticed  by  more  than  one  observer,  that  injection  of 
very  strong  solutions  of  thrombose  into  the  blood-vesBels  of  a 
living  rabbit  is  not  followed  by  intravascular  clotting. 

According  to  Pekelharing  the  couveniou  of  the  zymogen 
into  thromba.se  is  effected  by  an  actual  combination  with  the 
calcium  salt.  He  says  further  that  fibrin  itself  is  a  calcium 
compound,  and  that  the  main  action  of  the  ferment  appears  to 
be  the  ti-ansference  of  the  calcium  to  the  fibrinogen. 

Hammarsten  endorses  Pckelharing's  view  as  to  the  relatitMi 
of  the  zymogen  to  the  thrombase,  but  ho  opposes  the  theory 
that  fibrin  iu  a  calcium  compound  of  fibrinogen,  as  he  baa 
found  that  both  fibrin  and  fibrinogen  contain  the  same  amount 
of  calcium. 

The  points  of  difference  between  zymogens  and  the  enz^'mes 
to  which  they  give  rise  have  not  been  very  completely  examined. 
Langley  and  E)<lkins  have  made  a  comparison  between  pepsin- 
ogen and  pepsin,  and  have  found  as  might  almost  have  been 
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expected  that  they  have  much  iu  common,  such  dtfiereuces  as 
exist  being  rather  those  of  degree  only.  Their  behaviour  with 
regard  to  dilute  alkalis  has  already  been  mentioned.  Both 
are  ultimately  destroyed  by  alkalis  and  by  alkaline  salts,  but 
the  de.struction  of  pepsinogen  is  much  slower  than  that  of 
pepsin.  In  the  absence  of  acids,  which  rapidly  convert  the 
zymogen  into  the  ferment,  pepsinogen  is  fairly  stable.  In 
neutral  and  faintly  alkaline  solutions  its  conversion  is  very 
slow,  and  in  a  glycerine  extract  it  may  remain  unchanged  for 
years. 

When  carbon  dioxide  is  passed  through  a  solution  containing 
pepsinogen  the  latter  is  destroyed  with  some  rapidity,  but  little 
remaining  when  the  stream  of  gas  hA«  been  maintained  for  an 
hour.  The  rate  of  destruction  is  increased  by  the  presence  of  a 
small  quantity  of  magnesium  sulphate,  about  1  per  cent,  being 
the  most  efficient  proportion.  Traces  of  acetic  acid  or  of  sodium 
carbonate  have  the  same  effect.  Peptone  on  the  other  hand 
greatly  delays  the  destruction,  and  when  about  25  per  cent 
is  present,  prevents  it  altogether.  Other  proteids  have  a 
similar  effect,  but  they  are  not  so  potent  in  this  direction  as 
peptone. 

Carbon  dioxide  has  much  less  effect  on  pepsin. 

Pepsinogen,  like  pepsin,  is  rapidly  destroyed  by  heating  its 
solution  to  about  55'' — 60*  C. 


CHAPTER  XXIII. 


THE  CONSTITUTION   OF    ENKYMEa 


Tu£  knowledge  which  we  have  as  to  the  constitution 
composition  of  enzymes  is  exceedingly  scanty.     This  la  owing 
in  great  measure  to  two  causes.     In  the  first  place  they  arc 
apparently   very   uu»tablc  bodies  ant]    undergo  docomposiuoa 
with  great  readiness.     The  methods  of  preparation  which  ha' 
been  employed    to   isolate  them  show  a  considerable   vari" 
of  dotail,  but  they  seem   to  agree   in  this,  that  they  are 
accompanied  by  a  great  loes  of  ferment  power,  the  eiu^meB 
being   to   a   large   extent   destroyed    during    the    preliminary 
extraction  or  the  attempts  at  subsequent  puriBcation.     In 
second  place  a  difficulty  haa  to  be  encountered  which  is  vi 
fiEir  reaching,  and  goes  beyond  manipulative  detaila     We  hare 
no  criterion  of  their  jmrity,  and  it  is  consequently  impossible 
to  say  whether  any  of  the  proceases  so  far  adopted  has  pre- 
pared a  really  isolated  product. 

From  the  similarity  of  their  action  to  that  of  the  livioj 
protoplasm,  which  we  have  examined  in  a  previous  chapter,  the 
idea  is  at  once  suggested,  that  they  are  very  poa&ibly  either 
probeid  in  character,  or  at  any  rate  not  verj*  different  from 
proteids.  Their  inalability,  the  chauges  which  they  undergo 
cm  heating,  and  their  general  behaviour  with  dilute  acids  and 
alkalis,  also  favour  this  h)'pothcsis.  ^H 

So  far  at)  vario\iH  ubstTvers  have  been  able  to  prepare  the^4 
free  from  admixture  with  known  substances,  they  have,  with 
only  a  few  doubtful  exceptions,  been  found  to  give  the  general 
reactions  fur  proteids.    Their  ttulutions  at  luiy  i-ate  assume  the 
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yellow  coloration  on  treatment  with  nitric  acid  and  ammonia 
which  is  known  to  phyuiologists  as  the  xanthoproteic  reaction. 

Reactions  which  are  peculiar  to  them,  and  so  may  be  relied 
on  as  distinctive,  are  altogether  absent,  and  the  only  evidence 
we  cjin  obtain  of  the  presence  of  any  of  them  in  a  solution  is 
the  power  of  the  latter  to  bring  about  the  changes  characteristic 
of  the  particular  enzyme  it  is  suspected  to  contain. 

Such  characteristic  reactions  have  been  sought,  and  not 
infretiuentl}'  various  observers  have  announced  their  discovery, 
only  however  to  find  that  further  researches  have  demonstrated 
the  unsatisfactorj'  character  of  the  suggested  method. 

Among  the  writers  who  have  claimed  to  have  ascertained 
definite  reactions  for  the  enzympa  may  be  mentioned  W^^ner. 
He  says  that  a  characteristic  colour  reaction  may  be  obtained 
by  heating  thcni  with  a  solution  of  orcin  in  alcohol  iu  the 
presence  of  strong  hydrochloric  acid.  Nor  does  he  stop  there; 
he  sayii  that  ditferent  enzymes  give  distinctive  colours,  and  that 
they  can  be  discriminated  by  his  method,  diastase  in  particular 
giving  a  bluish-violet. 

Ouiguard  made  investigations  in  the  same  direction,  and 
states  that  by  the  action  of  hydrochloric  acid  alone,  the  enzymes 
can  be  distinguished  as  a  class  and  many  of  them  identified. 
He  boiled  1  centigramme  of  different  enzymes  with  1  ac.  of 
pure  hydrochloric  acid,  and  says  that  he  found  diastase  yield 
a  red  which  gradually  turned  brownish ;  emulsin  gave  a  violet, 
jiapaiu  an  orange-red,  and  trypsin  a  greenish  yellow. 

These  colour  reactions  have  been  found  however  to  be 
characteristic  of  many  other  iHwIies  besides  the  onzymes. 
Reinitzer  has  shown  that  dextrin,  maltose,  and  lactose,  all  give 
similar  colours  when  treated  iu  the  way  suggested.  WlSj^ner's 
colour  reactions  have  been  proved  to  be  shared  by  a  very  large 
number  of  substances,  many  of  which  occur  especially  in  such 
vegetable  tissues  as  also  yield  enzymes.  The  orcin  reaction 
is  shared  by  nearly  all  curbohyd rates,  and  appears  to  be  due 
to  the  production  of  furiurol  <luring  the  treatment,  which  is 
necessarily  somewhat  drastic.  Udransky  obtained  the  same 
reaction  from  various  proteids.  Probably  in  Winer's  prepar- 
ations the  colours  were  given  by  some  of  these  bodies  which 
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bad  not  been  separated  from  the  enzyraeB,  and  were  not  ch&rac- 
teristic  of  the  latter  at  al). 

Guignard  again  describes  the  action  of  hydrochloric  acid 
alone  on  various  proteids,  and  shows  that  they  give  oulour 
reactions  much  like  tho«e  which  he  has  attributed  to  the 
enzymes. 

Guignard  has  called  atteution  to  certain  reactions  yielded 
by  the  cells  which  contain  myrosin.     When  a  section  in  which 
these  celts  existed  was  heated  with  a  small  quantity  of  Millon's 
i  reagent  (which  is  a  mixture  of  the  two  nitrates  of  mercurj*  and 
an  excess  of  nitric  acid),  the  cells  iu  question  rapidly  assumed 
a  more  or  less  vivid  rose  colour,  while  the  protoplasm  of  the 
surrounding  cells  was  stained  much  more  slowly,  and  so  grea^ 
a  depth   of  tint  was  never   attained.     The   contents   of 
mjrrosin-containirg  cells  further  became  precipitated  in  granul 
form  under  the  action  of  the  reagent,  so  that  they  stood  oi 
quite  distinctly  among  the  rest. 

Striking  however  as  tfiis  reaction  is,  it  cannot  be  regard< 
as   undoubtedly   characteristic  of   the   em^Tsie,   for   it   might 
equally  well  be  due   to  some  other  constituent  of  the  celk 
It  may  suffice  to  point  out  where  the  myrosin  is,  but  it  may  be 
attributed  to  something  accompanying  the  ferment  with  as  grea;^^ 
a  plaui^ibility  as  to  the  tatter  itself.  J^B 

It  was  ascertained  by  Schiinbein  in  1868,  that  when  dias- 
tase is  mixed  with  a  little  of  the  resin  of  guaiacum  and  a  lit 
peroxide  of  hydrogen  added,  a  somewhat  vivid  blue  coloraiii 
is  produced.     Other  observers  have  extended  this  observati< 
to  other  enzymes,  and  by  many  workers  it  has  been  assumed 
be  an  uufailing  teat  for  the   various  members  of  the  groups 
thuugh  it  has  not  been  thought  to  give  distinctive  reactions  for 
them  individually.     Liutner  showed  in  1SS6  that  the  rt^actiuu 
is  more  delicate  when  on  alcoholic  solution  of  the  guaiacum  i&. 
employed  instead  of  the  resiu. 

The  i*eaction,  like  the  others  described,  has  been  ascertained. 
to  be  by  no  uieans  characteristic  of  diastase.     It  has  long  be^ 
one  of  the  tests  for  blood-stains,  and  has  been  used   in  the 
examination  of  urine  for  the  presence  of  albuminous  matterJ 
A  careful  examination  of  its  validity  as  a  reaction  for  ouK^'Oies^ 
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was  maJe  Id  1897  by  Fawlewski,  who  found  that  a  similar 
coloration  to  that  given  by  diastase  was  caused  by  peptone, 
and  by  albumin  and  other  native  proteids,  as  welt  as  by  gelatin. 
Even  the  addition  of  hydrogen  peroxide  alone  to  guaiacum 
tincture  gave  a  blue  colour,  which  appeared  at  once  if  the 
solution  was  warm,  but  took  a  little  time  to  manifest  itaelf 
at  a  lower  temperature.  Other  oxidising  agents  than  peroxide 
of  h)'drogen,  such  as  ozone,  chlorine,  nitric  acid,  and  perman- 
ganate of  potasHium  gave  a  blue  colour  with  the  tincture. 

As  a  special  test  for  diastase  or  any  other  enzyme  the  rcagent 
is  useless,  fur  no  conclusion  can  be  drawn  as  to  the  nature  of  the 
body  present,  even  when  the  blue  tint  appears. 

If  we  survey  all  these  reactions  which  have  been  put 
forward  as  means  of  identifying  enzymes,  we  see  that  they  do 
not  give  any  evidence  which  can  weigh  very  heavily  against 
the  hypothesis  of  their  being  proteid  in  nature.  \^^^^er's 
preparations  of  some  of  the  ferments  were  probably  not  very 
pure,  being  mixed  with  carbohydrate  as  well  as  proteid 
matters. 

It  has  been  suggested  that  the  zymogens  are  proteids,  and 
that  the  enzymes  arise  from  them  by  a  prnce^s  of  denomposi- 
tion  cousequenl  on  oxidation.  Heidenhaiu  thought  that  the 
zymogen  consisted  of  the  ferment  in  combination  with  an 
albuminoid  body.  Many  observers  have  advocated  the  view 
that  the  enzymes  are  themaeives  prott^-ids,  Loew  in  particular 
considering  them  as  allied  to  the  peptones.  In  aupp>rt  of  the 
hypothesis  we  may  advance  the  fact  that  when  an  extract 
containing  an  enzyme  has  all  its  proteids  removed  by  precipi- 
tAtion,  the  tiltrat-e  possesses  tittle  ferment  power,  the  latter 
being  diminished  in  many  caaee  in  proportion  as  the  proteid 
is  thrown  out  of  solution. 

Too  much  stresij  um8t  not  be  laid  however  on  this  observa- 
tion, as  it  is  constantly  found  that  when  a  precipitate,  even 
of  inert  matter,  ia  caused  in  a  solution  containing  an  enzyme, 
the  latter  is  generally  carried  down  witli  the  precipitate.  We 
have  seen  that  this  property  is  taken  advantage  of  in  several 
K  methods  of  purifying  solutions  of  the  enzymes,  particularly  in 
I      Briicku's  process  of  preparing  pepsin. 


A  more  Btriking  fact  is  that  the  temperatures  at  which  so 
many  enzymes  are  destroyed  correspond  very  closely  to  the 
points  at  which  proteids  occurring  with  them  are  coagulated. 

Uofit  of  the  methods  of  preparation  which  have  been  de- 
scribed Are  such  as  would  throw  proteids  out  of  solution.  Two 
very  promioent  means  of  precipitating  enzymes  we  have  seen  are 
the  addition  of  excess  of  alcohol  to  the  solution,  and  its  satom- 
tiun  by  neutral  salts.  These  methods  precipitate  the  proteids, 
and  the  enzymes  are  thrown  down  with  them  if  any  are  present. 
The  eiperiroeuts  do  not  show  whether  the  proteid  and  the  enzyme 
are  identical,  or  whether  the  latter  is  merely  mechanically 
associated  with  the  former.  It  is  remarkable  however  that 
prolonged  exposure  to  strong  alcohol  coagulates  the  proteids, 
and  that  the  same  treatment  gradually  destroys  the  power  of 
the  enzymcj*. 

In  some  cases  observers  have  found  the  association  of  a 
particular  enzyme  and  a  certain  proteid  to  be  so  constant  and  su 
clo^e  that  they  have  been  led  to  the  view  that  the  two  are 
identical. 

Osborne  has  studied  the  association  of  diastase  with  proteids 
in  the  cereals,  wheat,  ryo,  and  barley.  In  them  all  he  has 
found  on  albumin  which  he  has  named  leucosin,  besides  a 
globulin  and  a  proteose.  All  ferment  extracts  which  he 
prepared  from  any  of  these  cereals  contained  a  mixture  of  these 
proteids,  but  when  they  wei*e  separated  by  various  methods  the 
greatest  diastasic  power  clung  to  the  Icucosin.  The  proteose 
was  found  to  be  associated  with  a  certain  proportion  of  the 
enzyme,  but  much  less  than  the  lencosin.  The  quantity  of 
Icuoosin  and  the  fenueutalive  activity  also  varied  together, 
though  not  with  very  great  exactness. 

As  the  result  of  his  experiments  Osborne  came  to  the  view 
that  the  diastase  is  either  the  leucosin  or  a  compound  of  the 
latter  with  some  other  body,  presumably  the  proteose ;  and  that 
this  compound  breaks  up  on  being  heated  and  yields  coagulated 
albumin,  some  free  albumin  being  coagulated  at  the  same  time. 

The  view  cannot  be  considered  proved,  as  certain  of  his 
solutions  which  contained  only  the  proteose  possessed  a  certain, 
though  relatively  feeble,  diastasic  power. 
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Chittenden  has  shown  that  the  brotueliu  and  the  rennet 
ferment  which  are  both  present  in  the  juice  of  the  pineapple 
axe  probably  associated  with  two  definite  proteids,  though 
he  does  not  assert  that  either  enzyme  is  identical  with  such 
proteid.  Bromelin,  the  proteolytic  enzyme,  always  occurs  in  close 
connection  with  a  proteid  which  exhibits  most  of  the  characters 
of  a  proto- proteose.  It  is  precipitated  from  a  neutral  »i>lution 
by  Raturation  with  either  ammonium  or  magnesium  sulphate,  or 
with  sodium  chloride.  It  is  .wlublc  in  water  and  consequently 
is  not  precipitated  by  diatysis.  It  is  further  not  coagulated  by 
long  contact  with  strong  alcohol,  and  its  ai^ueous  solution  is 
very  incompletely  precipitated  by  heat.  In  its  behaviour 
towards  nitric  acid  and  heat  and  in  some  other  ways  it  does 
not  show  the  t^'pical  proteose  reactions,  and  it  contains  a 
smaller  amount  of  nitrogen  than  most  piviteida 

The  rennet  enzyme  is  more  closely  associated  with  a  body 
whose  reactions  agree  in  the  main  with  those  of  hetero- proteose. 
It  is  less  sohible  in  water,  requiring  for  complete  solution  a 
little  neutral  salt.  It  is  more  completely  precipitated  by  beat 
than  the  proto-proteose  described. 

The  closeness  of  this  association  in  both  cases  may  possibly 
indicate  that  these  proteids  are  actually  the  enzymes  in  questioUj 
but  the  identity  cannot  be  considered  conclusively  proved 

Lintncr  prepared  diastase  in  what  he  considered  to  be  a 
pure  condition,  and  from  the  results  of  analyses  uf  his  pre- 
paration he  concluded  it  to  be  a  proteid,  but  not  one  of  the 
ordinary  class.  He  found  that  it  contained  only  two-thirds  as 
much  nitrogen  as,  and  less  carbon  than,  the  latter.  It  differed 
also  in  not  giving  the  biuret  reaction.  Lintner  hence  suggests 
that  the  enzymes  constitute  a  special  class  of  proteids. 

Buchner  associates  his  new  zymase  with  a  proteid  in  the 
yeast  wliich  Is  coagulated  at  45°  C.  At  this  temperature  the 
zymase  also  is  destroyed.  When  this  proteid  has  disappeared 
from  the  extract  in  consequence  of  the  action  of  the  proteol^'tic 
enzyme  of  the  yeast,  the  power  of  producing  alcohol  is  lost, 
Buchner  does  not  however  claim  that  the  proteid  is  the 
zymase. 

None  of  the  researches  quoted  can  be  considered  to  go  very 
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far  in  the  direction  of  proving  the  proteid  nature  of  the  enzymes 
All  can  apparently  be  explained  equally  well  upon  the  hypo* 
thesis  that  the  enzyme  in  any  case  is  closely  associated  with  the 
probcid.  We  have  remarked  several  times  that  the  soluble 
ferments  are  very  easily  carried  down  by  a  precipitate  formed 
in  the  liquid  in  which  they  are  dissolved.  When  we  consider 
further  that  there  is  every  reason  to  believe  that  an  extremely 
small  quantity  of  one  of  them  is  capable  uf  causing  the 
transformation  of  an  enormous  amount  of  material,  we  may 
well  believe  that  such  an  association  with  a  proteid  would  be 
detected  only  with  very  great  difficulty  by  any  method  of  de- 
structive analysts.  At  the  same  time  it  is  not  impossible  that 
they  may  be  protcids  which  have  not  yet  been  isolated,  as  the 
very  small  quantity  present  mixed  with  other  proteida  mi^t 
very  well  escape  separation. 

It  is  very  difficult  to  accept  the  view  that  they  are  the 
proteids  with  which  their  particular  activities  have  been  asso- 
ciated  as   already   described.      In    mauy   cases   these   can   be 
preparetl  without  possessing  any  power  of  setting  up  the 
mentations. 

The  variety  of  proteids  with  which  they  have  been  foun 
militates  still  more  forcibly  against  this  view.  According  to 
Osborne,  diastase  is  associated  with  a  particular  albumin,  Uucwtin, 
and  to  a  te^  extent  with  a  proteose.  Chittenden's  enzymee 
occur  together  with  a  proto-proteoee  and  a  heten>-;»\>teoee 
respectively.  Halliburton  and  Pekelharing  associate  thrombase 
with  a  body  which  was  at  first  considered  a  globulin,  though 
now  it  is  held  to  be  a  uucleo- proteid.  Many  writers  have 
connected  other  enzymes  with  forms  of  coagulable  proteids, 
supporting  their  contention  by  the  observation  already  quoted,  fl 
that  the  euzymic  power  is  lost  at  the  temperature  of  heat- 
coagulation,  or  precipitation,  of  the  proteid. 

It  seems  altogether  improbable  that  some  enzymes  should 
belong  to  ouc  group  of  protcids,  and  some  to  another.     It  isM 
much   more   reasonable  to  predict  uniformity  of  compofritiiui " 
for  them,  and  to  agree  with  Lintner  that  they  must  form  ft 
separate  class  by  themselves. 

The  connection  between  loss  of  fermentative  power  and  < 
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hcat-coagulatioD  cannot  bo  supported  in  the  case  of  proteoses, 
which  are  not  coagulated  by  even  the  temperature  of  boiling 
water.  We  have  no  evidence  so  fai'  that  a  proteose  is  changed 
at  alt  by  heating  it  to  such  a  point  as  would  destroy  an  enzyme. 

Osborne's  definite  identification  of  the  diastase  of  cereals 
with  leucosin  is  open  to  titil)  further  objection.  Leucosin  is  a 
proteid  which  has  only  a  limited  range  of  occurrence,  and  many 
tissues  which  yield  active  diastaaic  extracts  do  not  contain  it. 
Leucosin  can  therefore  represent  only  one  fonn  of  diastase,  and 
as  other  fornm  exist  there  must  be  other  diastasic  pruteids.  if 
the  enz)'me  haa  a  proteid  constitution.  When  we  consider  the 
wide  distribution  of  the  fenuent  and  the  very  varied  and 
variable  compu.'iitiuu  of  the  proteidu  in  diSereiit  pliuiUs,  this  view 
almost  forces  us  to  the  conclusion  that  diastase  is  not  at  all  of 
conbtout  cotopositiou,  a  view  which  it  is  very  difficult  to  accept. 

From  Osborne's  experiments  it  appears  that  there  is  no  very 
satisfactory  ratio  between  the  amount  of  coagulable  albumin  and 
the  diastaaic  power;  though  the  latter  is  higher  the  moi-e  albumiu 
is  present,  there  is  no  numerical  relation  between  them.  This  we 
should  hardly  expect  to  be  the  case  if  the  leucosin  were  itself 
the  diastase. 

This  lack  of  currc»pontlence  between  the  quantity  of  proteid 
and  the  diastasic  power  is  very  striking  when  we  compare  malt- 
extract  and  saliva.  Tbe  latter  is  the  more  active  in  hydrotysing 
starch,  but  the  former  contains  a  far  larger  percentage  of 
pix^teids.  The  difference  in  behaviour  between  the  two  fluids 
docs  not  correspond  to  this  difference  in  composition  unless  we 
iidmit  a  great  variation  of  hydroiytic  power  between  unit 
quantities  of  the  two,  which  seems  unlikely. 

Other  observers  also  have  noticed  that  the  ferment  power, 
particularly  in  weak  extracts,  does  not  vary  directly  with  the 
amount  of  proteid  present.  The  writer  investigated  this  point 
with  some  care  in  the  case  of  vegetable  rennet  prepai'ed  from 
the  castor-oil  seed.  The  amount  of  proteid  was  determined  by 
regular  dilution  of  a  standard  extract :  and  the  result  showed 
that  the  coagulating  action  on  milk  diminished  much  more 
rapidly  than  the  quantity  of  proteid.  In  a  typical  experi- 
ment it  was  found  that  '5  c.c.  of  a  particular  extract  clotted 
o.  r.  26 


402 


THE  COKSTITUTION  OF  EKZTMES. 


[c 


5  aa  of  milk  id  four  tnioates.  while  *2o  cc    took  eighty^ooe 

minutes  nnd    125  c.a  took  five-and-a-half  hours. 

Reychler's  experiments  have  been  considered  to  point 
proteid  either  as  an  antecedent  of  diastase  or  as  the  enz^ma 
itself.  He  found  that  by  extracting  the  gluten  of  flour  with  a 
dilute  acid  he  obtained  an  amylolytic  solution.  His  results  are 
open  however  to  other  interpretations  than  the  one  suggested 
His  dilute  acid  may  have  extracted  some  of  the  residuil 
diastnsp  <if  the  endosperm  from  the  flour,  or  some  ZAnnog^n  majj 
have  been  mixed  with  and  incorporated  in  the  gluten,  and  hava 
been  converted  into  dia.sta.sc  by  the  solvent  employed. 

Recently   Wroblpwski    haa   claimed    to    have    shown    that" 
diastase  Is  protoid  iu  imturo.     As  he  prepared  it  he  found  that 
the   greater  part  of   his   material   consisted   of  carbohydrat^fl 
matter,  which  yielded  arabinose  when  boiled  with  acids.    If    ' 
freed  from  this,  the  active  constituent  was  found  to  have  all  tbe, 
properties  of  a  proteid. 

From  what  has  already  been  advanced,  it  is  evident  thai 
in  discussing  this  point  very  little  reliance  can  be  placed  upod| 
analyses  of  supposed  pure  products.  So  far  however  as 
these  anal3'ses  go  they  do  not  support  the  proteid  theory  vcty 
satisfactorily.  The  difficulty  of  admitting  that  what  wu 
analysed  was  the  actual  enzjme  is  very  great 

The  purest  trypsin  which  Kuhne  was  able  to  prepare  hod 
the  following  percentage  composition: — 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 


47*22— 4809. 

715—  7-44. 
1259—13-41. 
31-31- 29-20. 

1-73—  1-86. 


This  differs  from  the  analyses  of  the  protcids  in  the 
centagcs  of  the  carbon  and  nitrogen  esjKcially,  Henniger'* 
peptone  containing  52*28  of  the  former  and  16'38  of  the 
latter  in  100  parts. 

According  to  Wlirtz  and  Bouchut  pa])am  agrees  much  m<M« 
closely  with  proteids,  containing  52*48  per  cent,  of  carbon  and 
16*59  per  cent,  of  nitrogen. 
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Loew  has  concluded  that  malt  diastase,  and  both  the  dia- 
stase and  the  trypsiu  of  the  pancreas,  have  a  perceatage 
composition  very  similar  to  that  of  proteids.  On  the  other 
hand  Lintner's  purest  diastase  only  contained  99  per  cent, 
of  nitrogen. 

We  may  oppose  to  contentions  based  upon  quantitative 
analyses  of  this  nature,  certain  considerations  suggested  by  the 
reactions  of  solutions  of  certain  of  the  enzymes,  when  these 
have  been  subjected  to  such  processes  of  purification  as  have 
been  devised. 

Pepsin  as  prepared  by  BrUcke  in  the  way  described  at 
pAge  177,  was  stated  by  him  to  give  none  of  the  reactions 
characteristic  of  pruteids  and  to  be  precipitable  only  by  the 
acetates  of  lead.  It  yielded  no  trace  of  opalescence  on  the 
addition  of  tanuic  acid,  though  this  reagent  is  capable  of 
detecting  one  part  of  proteid  in  100.000  ports  of  solvent. 

Uamniarsten  states  that  after  puriticalion  his  preparation 
of  rennet  did  nut  show  the  xanthoproteic  reaction;  was  not 
precipitated  by  alcohol,  nitric  acid,  tannin,  iodine,  or  normal 
lead  acetate;  was  precipitated  by  basic  lead  acetate. 

Dostre  has  shown  that  the  eazyines  are  not  completely 
insoluble  in  alcohol,  which  is  iticonsistcnt  with  their  being 
coagulable  proteids. 

Foster  showed  iti  IHQI  that  a  diastasic  solution  could  be 
prepared  from  natural  depisits  of  urates,  with  or  without 
previr.)ii.>4  washing  in  alcohol,  aud  that  this  solution  gave  no 
proteid  reactious. 

Other  enzymes  as  we  have  seen  can  be  prepared  from  the 
urine. 

Possibly  in  all  these  cases  the  quantity  of  enzyme  was  too 
small  to  give  the  reactions,  though  sufficient  to  exert  a  certain 
hydrolytic  power.  It  must  however  be  remembered  that  the 
xanthoproteic  reaction  is  exceedingly  delicate. 

Some   serious  objections   to   the    view    that    enzymes    are 
tteids,  can  be  based  upon  the  action  of  light  upon  them.     Ho 

investigations  on  this  point  have  been  carried  out  only  in 
the  case  of  diastase,  which  was  submitted  to  a  close  experimental 
examination  by  the  writer  a  few  ycai-s  ago. 

25—2. 
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It  was  established  by  Browii  and  Morris  in  their  paper  ou^t 
the  diastase  of  fnliage  leaves,  that  there  is  a  diminution  in  the     ' 
amount   of    euzyme    these   organs   coutaiu   after  a   period  of 
brilliant  illuniination.    This  is  particularly   noticeable   when 
comparative   estimations   are   made   from  loaves  gathered  re- 
spectively  in    the   early   morning  and    in    the    evening.     Tbft  j 
latter  always  show  a  diminution  of  the   amount  of  diastase,] 
and  the  diminution  shows  a  certain  relation  to  the  amount 
bright  sunshine  which  the  leaves  have  received  during  the  day>l 

The  writer  uxaniined  leaves  in  the  living  condition,  whirbl 
were  gathered  in  the  early  morning  and  exposed  to  sunlight 
for  several  hours,  one  half  of  each  being  shaded  by  a  covering 
of   blackened    paper.     The    sunlight   was    found    to   have  a 
I>owerfully  destructive  influence  on   the  enzyme.     The  same 
result  was  obtained  when  the  light  was  allowed  to  pass  tbrangiiJ 
a  watery  extract  of  the  leaves,  instead  of  through  the  living" 
tissoe.     The  diastases    of   malt-extract    and    of  saliva  v/eK 
similarly'  affected.     The   light  source  also   was  varii-d.  a 
powert'ul  electric-arc  lamp  being  sometimes  employed  insb 
of  sunlight.     The  effect  was  the  same  in  this  t^ase  also. 

The  deleterious  effects  of  the  illumination  were  chieHy  due 
to  the  violet  and  ultra-violet  rays  of  the  spectrum. 

Light   has    not   so    far  Ixieii  ascert-ained   to  have  any  da 
letenous  influence  on  proteids.     It  is  very  improbable  thai 
ever    exercises    such    au    influence,   for    in    the    experiraenti 
described  the  writer  aiKiertained   that  the  addition    of  a   CQ 
agulable  proteid  to  the  diastasic  solution  before  exposure  had  i 
very  great  protective  effect,  and  up  to  a  certain  point,  th 
degree  of  protection  increased  pafi  passu  with  the  amount 
proteid  added.     The  proteid  itself  did  not  appear  to  be  affect 
by  the  illumination. 

The  difl^erence  of  behaviour  of  enzymes  and  proteids  towa 
alcohol   may  also  receive  some  attention.      When    coagulabli 
proteids  are  exposed  to  prolonged  contact  with   this  reag 
they    pass    into    a    condition    which    is  almost   if   not    quit 
indistinguishable    from    heab-coagulation.     Enzymes    are    no 
destroyed  by  alcohol  with  the  facility   with   which    they  are 
decomposed  by  heat.     We  have  seen  that  one  ai^umeut  in 
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favour  of  the  hypothesis  of  their  proteid  constitution  is  thnt 
they  are  destroyed  at  the  temperature  at  which  the  heat- 
cuagulation  of  the  proteid  lakes  place.  If  the  argument  is 
valid  and  the  two  bodies  identical,  the  coagulation  of  the 
proteid  induced  by  alcohol  ought  also  to  destroy  the  euzj'me. 
But  it  docH  not  do  so,  or  at  any  rate  a  diminution  of  enzymic 
power  does  not  take  place  with  the  same  speed  as  the  co- 
agulation of  the  proteid.  Id  many  of  the  methods  employed 
for  the  extraction  of  enzymes  it  is  usual,  a.s  we  have  already  seeu, 
to  free  them  from  large  quantities  o(  proteid  matter,  by  pre- 
cipitating both  together  by  means  of  alcohol ;  after  allowing  the 
precipitate  to  stand  under  the  spirit  for  a  long  time,  a  strongly 
euzymic  extract  can  be  prepared  from  the  cimgulated  pruteid. 

No  extraction  of  an  enzyme  from  proteid  coagulated  by 
heat  is  possible.  Apparently  therefore  we  can  draw  a  di.Htinc- 
tion  between  the  two,  from  their  behaviour  with  alcohol. 

At  tbe  same  time  it  is  possible  to  push  this  argument  too 
fer.  Some  proteids,  such  as  peptones  and  certain  albumoses, 
are  not  coagulated  by  alcohol  any  more  than  they  are  by  heat. 
If  the  enzymes  should  prove  to  be  proteids  belonging  to  either 
of  these  chisses,  alcohol  would  not  destroy  them.  The  action  of 
alcohol  however  seems  to  establish  the  fact  that  they  cannot  bo 
ctKigulable  proteids. 

Though  enzymes  are  capable  of  prolonged  resistance  to  the 
action  of  alcohol  this  reagent  docj?  eventually  destroy  them. 
They  show  great  differences  in  their  jjower  of  withstatiding  it, 
some  being  destroyed  in  a  few  hours,  others  resisting  decom- 
position for  nionth.s. 

A  very  cai'eful  exaininattou  of  the  composition,  properties, 
and  reactions  of  invertasc  was  made  in  18B9  by  O'Sullivan  and 
Tompson.  and  their  results  were  published  in  tbe  following 
year.  The  source  of  the  invertaae  which  they  used  was  the 
liquor  obtained  from  pressed  yeast  by  altowing  the  latter  to 
stand  for  some  weeks  at  a  temperature  of  about  20'' C,  and 
subsequently  filtering. 

Alcohol  of  70  per  cent,  concentration  was  added  to  a 
quantity  of  this  yeast-liquor,  very  slowly  and  with  frequent 
pauses.     When  a  precipitate  appeared,  the  solution  was  allowed 
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to  fltand  for  two  hours,  and  then  a  further  quantity  of  the  brim 
alcohol  wtis  added,  and  so  on  till  no  further  precipitate  was  formei 
The  liquid  was  then  cuniputed  to  cuutaiu  47  [>er  cent,  uf  spirit. 
The  precipitate  was  so  obtained  in  a  finely-divided  state  and 
with  hut  little  impurity.  The  solution  was  allowed  to  stand 
over  the  precipitate  for  two  days,  when  the  latter  was  reraov<'d 
by  decantation  aud  washed  with  alcohol  of  47  per  cent,  con- 
centration. It  vraa  next  thrown  on  to  a  6lter  and  again  wasfai'd 
with  the  same  alcohol.  The  washed  precipitate  was  thtn 
transferred  to  a  beaker,  and  water  added  in  quantity  equal  to 
that  of  the  original  yeast  liquor.  Part  of  the  precipitate 
remained  insoluble  and  was  found  to  consist  of  a  peculiar 
proteid,  to  which  the  authors  j;;ave  the  name  t/east  albuminoid.^ 
The  invertase  dissolved,  and  the  solution  was  found  to  hav 
tax  iuverting  pttwer  but  little  inferior  to  that  of  the  origini 
yeast.  The  authors  judged  the  invertuse  to  be  nearly  pare,1 
and  estimated  that  about  1 2  per  cent  had  been  decomposed  in 
the  process  of  preparation,  so  that  what  impurities  were  present 
were  only  the  products  of  its  own  decomposition.  It  contained 
a  certain  amount  of  ash,  which  was  principally  a  mixture  of 
potassium  and  niagncHium  phosphates.  A  separation  of  tfa 
ash  from  the  invei-tase  was  found  to  bo  possible  by  means 
dialysi.s,  and  the  authors  came  to  the  couclusiou  that  it  di 
not  enter  into  the  composition  of  the  forment.  They  do  na 
however  appear  tn  have  freed  the  latter  from  it  completely,  bu 
to  have  reduced  the  amount  present  to  about  45  per  cent., 
calculated  on  the  weight  of  the  solid  matter. 

So  prepared  and  purified,  invertase  was  fotmd  to  be  a  whil 
substance,  soluble  in  water  and  yielding  a  clear,  slightly  viacou 
solution  which  did  not  become  turbid  on  boiling.     It  was 
soluble  in  alcohol  of  'Oi  sp.  gr  and  ronld  be  precipitated  fro 
its  solution  by  adding  alcohol  to  this  dej^Tee  of  ceucentratiooP 
The  invertase  was  found  to  be  destroyed  to  some  extent  by  this 
precipitation,  and  the  more  so  the  purer  it  was.     If  allowed 
stand   under   the   alcohol    the    ferment  power   was   soon    Ic 
When  quite  pure  the  solutions  could  not  be  precipitated 
alcohol  without  causing  the  destruction  of  the  en^me. 

Invertase  gave  no  colour  with  fttillon's  reagent  in  the  cold 
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but  on  heatiug  the  solution  a  piuk  tint  was  developed.  The 
solution  of  the  enzyme  had  an  optical  activity  of  (o)j  =  +  80*. 
Destructive  analysis  showed  it  to  contain  4C41  per  cent,  of 
Carbon,  6*63  per  cent,  of  Hydrogen,  and  only  3-69  per  cent,  of 
Nitrogen.  In  respect  of  the  latter  constituent  it  differed  in  a 
reuiai'kable  manner  from  a  proteid. 

A  study  of  the  eiizymu  obtained  from  yeast-liquor  in  this 
matuier  showed  tliat  when  gradually  and  continuously  decom- 
posed, chiefly  by  fractionation  with  alcohol  and  acid,  it  gave  rise 
to  a  series  of  bodies,  which  the  authors  termed  the  invertan 
seties.  They  prepared  and  examined  seven  members  of  this 
series,  and  described  their  properties  under  the  designations  of 
a.  fi,  7,  B,  €,  ^,  aud  rt  inverban  respectively,  invertase  itself  being 
the  second  member. 

The  two  members  at  the  extreme  ends  of  the  series,  a  and  97 
invertan,  were  found  to  be  very  stable,  but  the  intermediate 
onee  were  very  liable  to  spontaneous  decomposition.  The 
bodies  to  which  each  of  the  latter  gave  rise  under  such  circum- 
fitauces  were  invariably  a  invertan,  and  the  member  next  below 
the  one  dissociated,  a  invertan  itself  yielded  on  decomposition 
^  invertan  aud  yeast  albuminoid.  Omitting  a  invertan,  each 
Buccceding  member  was  found  to  possess  more  stability  than 
the  one  above  it. 

All  the  members  of  the  series  were  nun-crystuUisable, 
undialysable,  and  colourless;  a  invertan  wa-s  insoluble  in  water, 
but  the  others  diswoSved  readily,  forming  cleai-  but  viscous 
solutions  which  did  not  become  opalescent  on  boiling.  Alkaline 
or  neutral  solutions  were  transfonned  by  the  gimlual  addition 
of  alcohol  into  a  milk-like  fluid  which  would  not  become  clear 
on  filtration,  but  from  which  a  precipitate  rapidly  fell  un  the 
addition  of  acid.  The  a  inverttin  was  precipitated  in  flocculent 
masses,  but  the  other  members  separated  in  the  form  of  heavy 
tranapareut  syrups. 

Their  composition,  so  far  as  the  Carbon,  Hydrogen,  and 
Nitrogen  are  concerned,  is  given  in  the  following  table,  in 
which  they  are  compared  also  with  the  yeast  albuminoid  foimd 
in  the  original  yeast-li<]uor. 
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H 

N 

Yeast  albuminoid 

54  06 
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^        »        {inveriate) 
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6-63 

3-69 

7 

4  6 -02 

6  55 

3-1& 

8         » 

46-50 

6-82 

2-43 

*         » 

44-45 

6-36 

2-07 

C 

44-73 

6-40 

1-61 

V 

— 

— 

1-05 

From  their  nnalyRes  of  these  boHicR  the  authors  canio  to  the 
conclusion  thai  the  first  six  were  couipounds  of  yeast  albumlooid 
with  the  lowest  member,  rj  invertan,  and  that  the  latter  was 
probably  a  combination  of  the  same  proteid  with  a  carbohydrate. 
They  did  not  isolate  the  latter,  but  irom  their  analyses  they  I 
calculated  that  it  contained  43*22  per  cent,  of  Carbon  and  6"28  | 
per  cent,  of  Hydrogen. 

Following  up  this  hypothesis  they  computed  that  the  lowest ' 
member  of  the  aeries,  17  invertan,  contained  18  parts  by  weight 
of  this  carbohydrate  to  1  part  by  weight  of  proteid,  and  that  the 
highest,  a  invertan.  contained  3  |)art-s  of  the  carbohydrate 
to  4  of  the  proteid.  The  other  members  of  the  aeries  they  held 
to  be  formed  by  the  union  of  these  two  Ruhstances  according  to 
the  genei-al  formula  ??  +  a„,  where  tj  represents  three  times  ^_ 
i;-invertan  and  a  represents  a-invertan.  Invertase  on  thicH 
hypothesis  is  ija,;  it  split  up  into  o-  and  7-inverun  according 
to  the  formula  Tja^  —  rjat-^-a.  tjot^  represents  7-invertan,  and 
this  CDuld  ho-  further  transformed  by  the  elimination  of  a 
into  fjcia  which  is  S-invertan. 

According  to  this  view  of  the  composition  of  inver 
the  latter  is  not  a  proteid,  but  as  it  contains  proteid  in  it 
composition  it  must  give  reactions  characteristic  of  the  proteidl 
group.     It   yields    the    pink    colour   on    boiling  mth    Millon's) 
reagent  aod  it  has  the  power  of  combining  with  copper  salt 
The   latter  property,  which   is  also  poKs&ssed  by  proteida, 
shared  by  the  other  members  of  the  invertan  series  with  the 
exception  of  the  a-body.     Several  such  copper  compounds 
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therefore  be  formed,  which  have  a  similar  appearance  bnt 
which  contain  different  percentagps  nf  copper  oxide. 

Several  observers  have  recently  advancerl  the  view  that 
the  enzymes  are  nucleo-proteids.  This  has  been  urged  by 
Haltibui-ton  in  the  case  of  thronibftsi-' ;  at*  already  noticed,  he 
associated  thi-s  ferment  with  a  body  to  which  be  gave  the  name 
"  cell  globulin  /9,"  and  which  he  prepared  from  lymphoid  cells 
and  tissues,  such  as  Umphatic  glands  and  thymus.  He  ex- 
tracted it  subsequently  from  the  stnjmata  of  the  aid  corpuscles 
of  blood.  When  a  quantity  of  this  material  was  submitted  to 
artificial  gftstric  digestion  it  yielded  an  insoluble  residue  of 
nuclfin.  Pokelharing  has  come  to  the  same  conclusion  as 
Halliburton  as  to  the  presence  of  nuclein  in  thrombase,  but  h© 
suggests  that  the  nuclen-proteid  is  probably  the  zymogen  of 
the  enzyme  and  that  the  latter  is  a  calcium  compound  of 
the  nucleo-proteid.  Pekelhaiing  states  that  he  has  obtained 
thrombase  from  nuclco-pnjteid  by  Schmidt's  method  of  pre- 
paration. Both  he  and  Halliburton  have  shown  that  the  ferment 
prepared  fi-om  serum  by  SehinicH's  method  gives  a  residue  nf 
nuclein  when  submitted  to  artificial  gastric  digestion,  and  that 
on  analysis  it  is  found  to  contain  rather  more  than  1  per  cent, 
of  phosphoni9. 

Pcki:!hnring  found  that  his  purified  pepsin  also  contained 
phosphorus  when  prepared  in  the  mautior  described  in  a  previous 
chapter,  and  freed  from  associated  bodies  by  dialysis,  and  he 
has  advanced  the  view  that  this  also  is  a  nucleo-proteid.  In 
O'SuIlivan  and  Tompsou's  researches  on  iuvertase  also,  the  ash 
of  the  preparation  was  found  to  contain  phosphorus,  as  already 
mentione<l.  Lintncr  ascertainttd  tuo  that  the  ]>urest  diastase 
he  could  prepare  contained  a  considerable  quantity  of  phos- 
phorus in  itA  ash. 

This  hj'pothesis  is  considerably  strengthened  by  the  obser- 
vations of  Macallum,  to  which  alliLsion  was  made  in  a  previous 
chapter.  The  nucleus  has  been  shown  by  him  to  initiate  the 
process  of  secretion,  and  to  excrete  some  niaterinl  into  the 
cytoplasm,  which  there  uudergoos  further  chauges  and  ulti- 
mately enters  into  the  composition  of  the  zymogen  if  it  does 
pjiot  actually  form  the  principal  part  of  it.     Tho  source  of  this 
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excreted  material  is  the  chromatin  of  the  nucleus.  Macallum 
has  shown  how  intimately  phosphorus  is  associated  with  zymogen 
from  it»  inception  in  the  nucleus  till  the  time  when  the  granules 
are  fully  formed. 

The  chief  constitticnt  of  the  nuclear  chromatin  appears  to 
be  a  nucieo-proteid.  It  is  conaistent  with  this  that  the  excreted 
mateiial  may  be  fortnod  of  the  same  substance,  and  that  the 
changes  it  undergoes  in  the  cytoplasm  may  not  alter  its 
composition  in  any  important  respect.  It  may  there  become  ^ 
associated  with  proteids  of  various  kinds,  which  may  exist  ade  ^ 
by  side  with  it  in  the  gi-anules,  for  there  is  no  evidence  that 
these  are  zymogen  alone.  Indeed  a  consideration  of  their 
dimensions  aud  abundance  seems  to  lead  to  lUn  opiniuu  that  they 
are  mixtures  of  various  substADces.  In  the  pancreatic  cells,  the 
granules  may  indeed  contain  more  than  one  zymogen,  though  at 
present  we  have  no  means  of  testing  whether  this  is  the  case. 

According  to  the  investigations  of  Jacobaon  several  enzymes 
possess,  besides  their  specific  powers,  the  property  of  liberating 
oxygen  from  hydrogen-peroxide.  Among  them  may  be  men- 
tioned diastase,  emulsin,  and  the  fermenta  of  the  pancreas. 
Many  orgaus  aud  tissues  of  the  body  have  the  same  power. 

These  organs  cau  alau  cause  the  conversion  of  salicyl  alde- 
hyde into  salicylic  acid.  According  to  theii*  degree  of  activity 
some  of  the  tissues  have  been  arranged  in  the  following 
order: — blood,  spleen,  liver,  ])nncrcas,  thymus,  brain,  muscle, 
ovary,  oviduct.  Wti  have  seen  that  the  blood  and  certain  of 
the  tissues  contain  an  oxida.sc  which  can  destroy  sugar. 

Spitzer  h&j  recently  investigated  these  various  animal  fluids 
aud  tissues,  aud  he  fiuds  that  the  property  in  question  is 
associated  with  nucleo-protcids.  He  prepared  tbem  from 
several  organs  by  the  methods  adopted  by  different  observers, 
and  ascertained  that  they  possessed  the  oxidising  properties  of 
the  tissues  themselves. 

Spitzer  has  cumc  t*?  the  conclusion  that  all  these  nucleo- 
pruteids  contain  iixui  as  well  as  phosphorus,  his  results  agreeing 
in  this  respect  with  the  ubservations  of  Macallum.  These 
experiments  support  the  view  that  the  euzymeit  are  memben 
of  the  nucleu-proteid  gmup. 
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The  h^TXithesis  of  the  nucleo-proteid  nature  of  enzymes  is 
not  contradicted  by  the  considomtion.s  ndvancod  in  the  earlier 
portion  of  this  chapter.  Indeed  it  explains  many  things  which 
present  considerably  difficulty  to  an  acceptance  of  the  view  that 
they  are  proteid  simply.  If  we  adopt  it,  their  i-cscmblance  in 
composition  to  the  latter  group  of  substances  will  cause  us  to 
cease  to  feel  surprise  at  their  close  ass(x;iation  with  proteids,  and 
at  the  variety  of  proteids  with  which  such  association  haa  been 
noticed.  The  differences  wliieh  have  been  noticed  between  the 
mass  of  a  suppoued  unzymo  used  in  an  experiment,  and  its 
zymolytic  activity,  are  explained  if  we  have  hut  a  trace  of  the 
nucleo-proteid  associated  with  a  much  larger  quantity  of  the 
proteid  accompanying  it- 

An  observation  of  Pekelharing's  tells  rather  against  this 
view  of  the  constitution  of  enzymes.  He  saj's  that  nucleo- 
proteids  are  insoluble  in  dilute  acids,  and  can  be  readily 
precipitated  from  their  solutions  by  faint  acidification.  This 
is  ccrtairdy  not  the  case  with  many  of  the  proteolytic  enzymes, 
nor  with  saliva  and  other  diastasic  preparations. 


CHAPTER  XXIV. 

THE   MODE   OF   ACTION   OK   ENZYMES. 
THEORIES  OF    FERMENTATION. 


Befoke  discussing  the  views  ut  present  held  a&  to  the 
manner  in  which  enzymes  carry  out  their  specific  functiont», 
it  will  be  well  to  trace  the  steps  by  which  they  have  been 
reached,  and  to  review  the  theories  which  have  been  advanced 
from  time  to  time  to  explain  the  phenomena  of  fermentation. 

We  have  already  aeeu  that  it  is  only  within  comparatively 
recent  years  that  there  has  been  brought  forward  a  general  rather 
than  a  restricted  view  of  this  process.  To  the  older  writer:^ 
this  term  generally  conveyed  the  idea  of  alcoholic  fermentation 
only,  or  at  most  such  processes  wore  included  as  involved  the 
evolution  of  a  stream  of  gas.  The  processes  of  putreiaotion 
were  held  to  be  akin  to  this,  though  the  idea  was  based  only 
upon  genei-al  relationships,  iiml  did  not  inchide  the  view  that 
organic  or  living  bodies  played  a  leading  part  in  both  operations. 
The  early  theories  of  fermentation  consequently  sought  to 
explain  only  the  phenomena  which  we  now  ossodate  with 
the  formatiou  of  alcohol. 

The  subject  is  mentioned  in  writings  dating  from  early 
times,  and  ferments  are  spoken  of  frequently,  but  we  have 
very  little  to  guido  us  in  forming  an  opinion  of  what  the 
writers  understood  by  the  term.  Basilius  Valentinus,  a  Gomian 
alchemist,  gives  us  the  view  that  was  current  at  the  beginning 
of  the  1 5th  century.  In  his  opinion  alcohol  existed  in  the 
wort,  or  extract  of  germinated  barley,  before  fermentation,  but 


ca  xxiv] 


TBEORIEB   OP   FERMENTATlOy. 


413 


it  was  held  in  coinbiuatioa  by  various  impuritieu  which  raasketj 
its  Bpecial  properties,  Fenjieutation  was  a  process  of  purifi- 
cation in  which  the  yea.st  or  fermeut,  whasc  nature  waa 
unknowD,  communicated  to  the  liquid  an  internal  inflamuiation 
or  disturbance,  by  which  the  initially  turbi<l  and  di^scolourod 
liquid  was  so  improved  aod  freed  from  it»  impurities  that  the 
alcohol  waa  enabled  to  show  its  true  propertien.  The  groat 
growth  of  yeast  which  accompanied  the  proceas,  being  de- 
posited at  the  bottom  of  the  veseels  when  the  femientntiun 
was  over,  waft  thought  to  be  composed  of  the  iropurities,  and 
by  !M>me  wiitera  was  spoken  of  as  fvfcea  mm,  or  the  excrement 
of  the  fermenting  liquor. 

Iaba\'ius,  about  the  end  of  the  16th  century,  held  that  the 
ferment  was  a  body  which  transformed  the  fermenting  mibHtanee 
into  something  of  the  same  nature  as  itself  the  chief  agent  in 
the  change  being  found  in  the  beat  or  zeal  of  the  ferment. 

A.  distinction  between  fermentation  and  effervesceooe,  which 

was  for  a  long  time  thought  to  be  a  similar  phenomenon,  waa 

drawn  by  de  la  6oe,  who  pointed  out  that  in  the  former  caae 

I  decompositioD,  and  in  the  latter  combinali'm,  were  involved. 

I         Lcmery  held  less  aocarately  that  the  chief  difference  between 

I  the  two  processes  waa  one  of  relative  rapidity,  fermentati'vn 

I  being  the  slower  and  more  complicated  oper«tioD  of  the  two. 

I  He  considered  that  the  Bplrtt  produced   in  alcoholic  fenn«D- 

!  tation  was  an  oil  refined  by  the  ewenttal  salta  which  the  miMt 

I  of  wine  oontained.    The  depoait  of  yeast  aooompuijuig  Kbe 

procen  was  composed  of  the  gnaaer  elemetita  of  the  maM, 

which  became  «epai«ted  during  the  action  of  the  aalu,  and  took 

the  form  partly  of  a  sediment,  aad  partly  of  a  Bcnm  ftTtiriiig  od 

the  suffaoe; 

No  intelligible  view  of  the  nature  of  the  action  appnrs 
among  ihe  writen  of  this  period  until  Willis  in  16S9,  aad  StaU 
some  forty  yean  later,  pat  ferward  the  finit  phyntal  bypoibcaia. 
They  anggeated  that  a  feimeni  waA  a  body  poax  wring  Hi 
iotemal  muimutut  which  it  traoamitted  to  the  feroettCabte 
materiaL  Stahl  exteoded  the  idea  to  indnde  potrefactioo,  of 
i  which  ha,  beU  aloobotic  fenMBtatioa  to  be  a  partacnlBr  caae. 
He  oooadered  all   fiJiiiilahlf    iMtfrial   to  be  eoapaMd  of 
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particles  formod  by  a  loose  combination  of  salt,  earth  and 
oil ;  under  tho  influence  of  the  internal  movement  set  up  by 
the  ferment  the  various  heterogeneous  particles  were  separated 
&om  each  other,  and  were  subsequently  recombined  in  varioos 
ways,  gradually  forming  compounds  of  increased  stability, 
containing  indeed  the  same  constitnenta  but  in  different  pro- 
portions. 

This  idea  of  a  physical  movement  or  vibration  shows  a 
great  advance  upnn  any  earlier  hypothesis,  and  has  occupied  a 
leading  position  in  later  speculations  based  upon  accurHte 
chemical  knowledge.  It  held  its  place  much  aa  Stahl  stated 
it,  until  the  beginning  of  the  present  century. 

In  1810  Oay-Lussac  put  forward  the  view  that  fermentation 
was  set  up  in  the  must  of  wine  and  other  saccharine  fluids  by 
the  presence  of  oxygen.  He  did  not  consider  it  necessary'  that 
the  gas  should  be  present  during  the  whole  process,  but  held 
that  it  could  not  be?  started  without  contact  with  oxygen  or 
air. 

About  1837  the  physical  conception  of  fermentation  was 
superseded  by  the  vitalistic  theoi-y  of  Cagniard  do  Latour. 
which  was  based  upon  his  discovery  of  the  true  nature  of  yeast, 
a  discovery  independently  mode  about  the  same  time  by 
Schwann  at  Jena  and  by  Ktltzing  at  Berlin.  He  suggested 
as  the  result  of  his  observations  that  the  yeast-cells  disengaged 
carbon  dioxide  and  formed  alcohol  by  some  effect  of  their  own 
vital  processes.  This  idea  had  previously  occurred  twenty 
years  before  to  Erxleben,  but  he  laid  no  stress  upon  it  in  his 
published  writings. 

Astier  also  even  earlier  (1813)  foreshadowed  the  vitalistic 
theory.  Though  he  held  that  the  globules  of  the  ferment 
were  animal  in  nature,  he  said  that  they  were  generated  and 
nourished  at  the  expense  of  the  sugar,  and  that  they  gave  rise 
to  a  disturbance  of  ei|uilibrium  among  the  elementary  particles 
of  that  body. 

Schwann's  ^^ews,  put  forward  simultaneimsly  with  de  Latour's, 
are  quoted  by  Lafar'  in  the  following  words: — "Vinous  fer- 
mentation must  therefore  be   regarded  as  the  decomposition 

'  liftfar.      Teehttienl  fdyeoiogy^  Eng.  Etl.  p.  16. 
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occasionod  by  the  sugar-fungus  extracting  from  the  BUgnr  and 
a  nitragenons  body  thp  materials  necessary  to  its  nutrition  and 
growth,  whereby  such  elements  of  these  bodies  (probably  among 
other  substances)  as  are  not  taken  up  by  the  plant  unite  by 
preference  to  form  alcohol." 

Kiltzing.  whose  name  is  also  associated  with  the  investigation 
into  the  nature  of  yeast  and  with  the  ccnaequont  theory  of  its 
action,  was  the  discoverer  of  the  nature  of  the  organism  causing 
acetous  fermentation  of  alcohol,  and  in  the  express^ion  of  his 
views  he  groups  the  two  fenneutations  together.  Lafar  quotes 
from  his  writings  the  following  pa.ssagcs:  "It  is  well-known 
that  chemistry  explains  vinoits  fermentation  by  the  reaction 
of  the  so-called  gluten  on  the  amylum  (starch)  and  sugar. 
I  must  firmly  roaintain  that  the  explanation  does  not  give 
me  a  clear  idea  of  the  process,  and  I  am  inclined  to  doubt 
whether  others  are  more  fortunate  in  this  respect.  It  is 
however  certain  that  the  entire  process  of  alcoholic  fermen- 
tation is  dependent  on   the  formation  of  yeast,  and  the  acid 

fermentation  on   the  growth  of  the  vinegar  plant AI>>ng 

with  the  increased  growth  of  these  organism-s,  the  reproductive 
impulse  also  increases,  and  concurrently,  their  reaction  on  the 

liquid    present. In    so   far   as   fermentation  is  synonymous 

with  a  reciprocal  reaction  of  organic  and  innrganic  bodies  oa 
the  constituents  of  a  given  liquid  which  may  be  regarded  aa 
forming  the  nutrient  medium  of  the  organic  product,  so  ia  it 
neco-ssarily  synonymous  with  every  organic  vital  function ; 
wherefore  organic  life  =  fermentation.  On  the  other  hand,  such 
processes  as  lead  to  the  production  of  vinegar  from  alcohol  by 
the  use  of  platinum  black,  or  other  similar  methods,  cannot  be 
compared  with  fermentation,  being  purely  chemical,  whilst 
fermentation  is  an  organo-chemical  process,  as  is  also  the  life 
process  of  any  organic  body'." 

The  upholders  of  the  older  view  combatted  the  new  theoiy 
with  considerable  vigour.  Liebig,  who  was  the  most  conspicuous 
champion  of  the  physical  or  physico-chemical  hyputhesis,  some- 
what modified  Stflhl's  statement,  bringing  it  into  accordance 
with   the  discoveries    that    had    been   made  in  the  6old   of 

»  LatAr.     loc.  eit.  p.  17. 
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chemistry  in  the  years  between  them.  He  drew  a  more 
definite  distinctiou  between  putrefaction  and  fermentation 
than  Stahl  bad  dune,  while  admitting  that  they  presented 
many  features  in  common.  He  states  his  opinion  in  the 
folluwing  sense — "The  yeast  of  beer,  and  in  general  all  animal 
and  vegetable  matter  undergoing  putrefaction,  transmit  to 
other  bodies  the  state  of  decomposition  in  which  they  are 
theiuseivea;  the  vibration  which  by  disturbance  of  their 
equilibrium  has  been  imparted  to  their  own  particles  is 
couiiuunicatud  equally  tu  the  panicles  of  the  bodies  which 
are  in  contact  with  them."  The  difference  between  putrefaction 
and  fermeutatiou  consisted  in  that  in  the  former  case  the 
decumposition  was  transmitted  by  the  decomposing  matter  itself, 
so  that  it  continued  to  proceed  even  if  the  original  cause  became 
inactive ;  while  in  fermeniation  the  sugar  was  incapable  by 
itself,  even  while  in  a  state  of  incipient  decomposition,  of 
Lransmittiug  the  movement  or  vibration  to  still  undccomposod 
substance.  Hence  the  necessity  for  the  ferment  not  only  to 
onginate.  but  to  contiime,  tho  decomposition.  While  however  \ 
admitting  the  necessity  of  the  presence  of  the  yeast,  Liebig  did 
not  at  all  agree  that  its  action  was  related  to  its  vegetative 
powers,  as  was  claimed  by  the  vitaliats.  He  regarded  it  simply 
as  a  source  of  uilrogeuuiis  matter,  by  the  decomposition  of  j 
which  fermentation  was  maintained,  just  as  putrefaction  is 
cunnected  with  the  decompuaition  of  similar  albuminous  ma- 
terial. 

Liebig's  views  found  many  symputluHuni,  for  his  hypothecitt 
seemed  to  account  for  not  only  alcoholic  fermt'iitJilion  and 
putrefaction  but  certain  other  fermentations  which  had  hitherto 
been  unexpbiined.  particularly  the  formation  of  lactic  and 
butyric  acids  from  sugar.  Though  we  know  now  that  these 
processes  are  the  work  uf  organic  beings,  at  that  time  the 
latter  had  not  been  observed,  and  the  only  eiqilanation  that 
seemed  possible  was  tlat  they  resulted  from  the  action  of 
decomposing  nitrogenous  matter  in  the  sugar  solutions.  Some  ^ 
of  the  writei-s  of  this  school,  among  them  Fremy,  held  that  the  H 
character  of  a  particular  fermentation  varied  according  to  the 
degree  to  which  the  decomposition  of  the  albuminous  exciting 
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body  had  proceeded.  At  first  it  would  set  up  alcoholic  fermenta- 
tion, but  as  its  decomposition  became  more  advanced  this  would 
be  replaced  by  lactic  or  butyric  fermeutation,  aud  so  ou. 

The  vitaUstic  theory  ot*  fermeutatiou  put  forward  by  de 
Latour,  Schwann,  and  Kiiteing  was  supported  by  Pasteur,  to 
whose  brilliant  researches  reference  has  already  been  made. 
Ho  carried  it  much  further  than  its  original  pnipouuden*,  and 
sought  to  show  the  reason  why  the  vegetative  life  of  the  yeast 
is  a.'isociated  with  such  a  complete  decomposition  as  takes  place. 
In  the  course  of  his  work  he  very  greatly  strengthened  his 
position  by  the  discoveiy  that  the  formation  of  alcohol  and 
carbon  dioxide  is  not  the  only  transformation  taking  place  in 
the  sugar,  but  that,  about  four  per  cent,  of  the  latter  is  disposed 
of  in  another  maimer,  giving  rise  to  «uccinic  acid  and  glycerine. 
He  showed  too  that  other  alcohols  than  the  ordinary  one  are 
formed  in  varying  quantities  during  the  metabolic  activity  of 
the  yeast 

As  the  outcome  of  hia  researches  Pasteur  wa.s  led  to  the 
view  that  the  larger  decomposition  of  the  augar  was  the 
expression  of  the  effort  of  the  yeaat  to  obtain  a  supply  of 
oxygen,  and  to  htm  therefore  the  phenomenon  became  oue  of 
the  intramolecular  respiration  of  the  yeast  plant.  As  already 
mentioned  this  view  was  strengthened  by  the  researches  of 
Lechartier  and  Bellamy  on  alcohol -production  in  fruits  kept 
in  an  atmosphere  of  carbonic  dioxide. 

Other  later  observers,  jwrticularly  Scbutzeuberger,  contro* 
verted  Pasteur's  intramolecular  respiration  theory,  and  argued 
that  the  sugar  was  an  alinx^utiiry  substance  for  the  yeast,  a 
view  which  is  at  present  held. 

The  controversy  between  the  physical  and  the  physiological 
schools  was  maintainwl  with  considerable  vigour.  Liebig  largely 
modified  hia  views  to  bring  them  into  harmony  with  tbe  facts 
fisfcablished  by  Pasteur,  while  still  maintaining  that  fermentation 
is  essentially  vibration  or  movement  among  the  molecules  of 
the  fermenting  substance.  He  went  so  far  as  to  admit  that 
the  cause  of  the  vibrations  was  the  living  organism  rather  than 
any  decomposing  nitrogenous  matter. 

Efforts  were  made  to  harmonise  the  two  views  somewhat 
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on  the  tines  of  Liebig's  latest  upiniou.  According  to  Postcnr 
the  action  was  essentially  intracellular;  the  decompositions  toctk 
place  in  the  cells  of  the  yeast  plant,  in  dii-ect  relation  to  their 
metabolic  processes,  and  the  products  of  the  fermentation  left 
the  cells  as  excreta.  The  advocates  of  Liebig's  opinion,  while 
admitting  that  the  living  cells  set  up  the  vibrations  they 
contended  for,  suggested  that  the  decomposing  forces  them- 
selves proceeded  beyond  the  cells  and  attacked  the  fermenting 
matter  in  the  medium  around  them.  The  most  noteworthy 
advocate  of  this  view  was  Naegeli,  who  held  that  in  fermen- 
tation there  was  a  transference  of  vibrations  or  movcmente  in 
the  material  composing  the  living  sobntanco  of  the  yeast  b> 
the  fermenting  material  outside,  the  living  substance  itself 
remaining  chemically  unchanged.  By  such  transferred  vibra- 
tions the  equilibrium  of  the  molecules  of  the  fermenting 
substance  became  destroyed  and  so  its  decomposition  took 
place.  Naegeli  computed  what  he  thought  to  be  the  distance 
through  which  such  vibrations  might  be  transmitted,  and 
concluded  that  the  sphere  of  action  of  each  celt  extended  ^ 
to  a  distance  of  from  20  to  50/t  from  its  centre.  ^| 

While  this  controversy  was  going  on  a  new  discovery,  or 
rather  series  of  discoveries,  was  being  made,  the  influence  of  h 
which  soon  began  to  be  felt,  and  which  was  destined  to  very  fl 
largely  modify  and  extend  the  physiological  h>'polhesia  of  the 
viulists.  The  work  of  Payenand  Persozin  18.'i3,and  of  Schwann 
in  1836,  led  to  the  recognition  of  a  class  of  substances  capable 
of  setting  up  fermentations  of  very  much  the  same  order  as  the 
alcoholic  fermentation  of  yeast,  marked  by  very  similar  features 
of  tlieii-  action,  but  yet  not  depending  on  the  presence  of  any 
living  organism.  These  bodies,  which  we  know  now  as  enzymes, 
were  in  all  cases  derived  from  living  cells,  and  their  action  was 
readily  held  to  be  very  similar  to  that  of  the  yeast  cell  and 
other  organisms  which  were  beginning  to  be  known.  They 
were  ascertained  to  act  as  ferments,  and  the  term  unorycmiaed 
ftrment  was  given  them,  to  indicate  at  once  their  mode  of 
action  and  the  distinction  existing  between  them  and  the  living 
cells  of  yeast. 

The  theory  of  fermentation  in  fitvour  clearly  had  no  rooia 
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for  these  new  bodies,  and  for  a  time  no  effort  was  made  to 
bring  them  into  harmony  with  the  popular  views.  Indeed 
efforts  wore  made  to  show  that  though  at  first  sight  similar, 
they  were  really  futidaraentany  distinct  from  the  organised 
ferments.  In  his  Theory  of  Fermentation,  published  in  1879, 
Naegeli  dwells  particularly  on  this  point.  Ele  sa3"S,  "  Fer- 
mentation by  means  of  fungi  only  takes  place  in  itnmediate 
contact  with  the  protoplasm  and  so  far  as  its  molecular  action 
extends."  He  finds  a  point  of  difftirence  between  the  two 
classes  of  ferments  in  the  fact  that  the  enzymes  convert  plastic 
material  from  the  passive  into  the  active  condition,  so  that 
it  is  rendered  suitable  for  nutrition,  while  the  products  of 
fermentation  by  means  of  fungi  are  without  exception  less  na- 
tritious  compounds,  and  such  fermentation  destroys  especially 
the  most  nutritious  substances.  "  The  contrast  appears  moat 
striking  in  the  case  of  carbohydrates  and  proteid  substances; 
while  the  action  of  unorganised  ferments  (enzymes)  produces 
from  them  glucoses  and  peptones,  fermentation  by  means  of 
fungi  breaks  np  these  compounds  into  alcohol,  mannite,  lactic 
acid,  and  into  leucin,  tyrosin,  &c.  In  some  cases  several 
fermentations  follow  one  another ;  their  products  then  become 
less  nutritious  step  by  step.  We  may  say  generally  that  the 
yeast-fungi  render  the  medium  in  which  they  occur  chemically 
lefiB  suitable  for  uutritiou  by  every  process  of  fermentation 
which  they  effect." 

Sachs,  writing  in  1882,  suppoi-ts  the  views  of  Naegeli. 
In  his  "Lectures  ou  the  Physiology  of  Plants"  he  says,  "In 
fermentation  by  means  of  unorganised  ferments  the  chemical 
transformation  proceeds  smoothly  and  completely;  dextrin  is 
entirely  transformed  into  grape-sugar,  cane-sugar  entirely  into 
inverted  sugar,  and  albuminates  entii-ely  into  peptones.  In  the 
alcoholic  fermentjitiun,  on  the  other  hand,  the  products  of 
which  alone  have  hitherto  been  quantitatively  determined,  only 
the  greater  part  of  the  sugar  is  broken  up  into  alcohol  and 
carbon  dioxide,  while  according  to  Pasteur  about  5  per  cent,  of 
the  sugar  is  decomposed  by  the  way  into  glycerine,  succinic 
acid,  and  carbon  dioxide.  It  is  likewise  certain  that  in  the 
lactic  acid  fermentation,  not  all  the  sugar  is  decomposed  into 
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lactic  acid.  Carbon  dioxide  eepecially  appoara  to  be  a  by- 
product of  all  femientntions  due  to  the  action  of  fun^  and  of 
all  putrefactive  processes.  The  alleged  differeuce  between 
fenuentation  by  means  of  unorganised  ferments  and  that  due 
to  the  action  of  fungi  would  be  unintelligible  if  both  processes 
were  due  to  the  same  cause.  Every  diBiciilty  vanishes,  on  the 
other  hand,  if  fermentation  by  means  of  fungi  is  caused  not  by 
a  contact  substance  (ferment)  bub  by  living  protoplasm.  We 
then  apprehend  that  while  the  ferment  as  a  simple  chemical 
compuund  alters  another  chemical  compound  in  n  simple  and 
equable  manner,  so  that  all  molecules  suffer  the  same  kind  of  \ 
decompoEtition,  an  organised  HubRtauce  with  its  various  molecular 
movements  and  mulecular  forces  produces  more  complicated 
dcoompositiona." 

JBoth  Naegeli  and  Sachs  lay  emphasis  on  t)u>  fact  that  at 
the  time  they  wrote  enzymes  which  could  effect  fermentatioD 
in  the  absence  of  the  cells  had  not  been  extracted  from  any  of 
these  fungi.  Naegeli  also  denied  that  any  of  the  intracellular 
ferraeutative  changes  in  any  organism,  whether  animal  or 
vegetable,  were  due  to  unorganised  ferments,  and  attributed 
them  always  to  the  fermentative  activity  of  the  protoplasm. 

This  view  was  however  controverted  almost  from  the  first 
In  1S5S  Mohtz  Traubc  made  the  origin  and  influence  of  these 
enzymes  the  basis  of  a  new  theory*  of  fermentation,  which 
all  subsequent  investigations  have  gone  far  to  support  and 
which  is  continually  growing  into  favour.  This  view  is  that 
all  fermentation  is  not  instigated  so  much  by  the  organisms 
themselves  as  by  en^mes  which  ore  formed  as  products  of 
their  vitality,  and  are  either  excreted  by  them  to  work  on 
substances  outside  them,  or  retained  in  the  cells  in  which  they 
are  secreted  to  effect  intracellular  digestion.  This  hypotheaia 
is  of  great  value  as  again  bringing  all  fermentative  phenomena 
into  line  with  one  another,  and  iu  showing  clearly  that  alcoholic 
fermentation  is  not  something  sui  generis,  but  only  one  mani-  | 
festatiou  of  a  very  wide-spread  power.  The  fact  that  it  can  be 
excited  by  an  enzyme  extracted  from  the  yeast  cell  .strongly 
supports  the  theory,  already  greatly  helped  by  the  extraction 
of  enzymes  from  so  many  other  micro-organisma 
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Bertfaelot  waa  one  of  the  first  chomists  to  accept  this 
view,  being  led  to  endorse  it  by  tho  consideration,  based  on 
experiment,  that  in  certain  caeea  production  of  alcohol  took 
place  without  the  intervention  of  yeast  at  alL  The  experirnenta 
of  Lechartier  and  Bellamy  and. of  Pasteur  on  this  point  have 
already  been  referred  to.  The  weight  of  the  opinion  of 
Hoppe-Seyler  has  also  been  given  in  favour  of  this  theory, 
reasons  for  the  acceptjince  of  which  have  already  been  advanced 
in  one  of  the  earlier  chaptei-s  of  this  volume. 

Before  turning  to  consider  huw  far  we  can  explain  the 
action  of  the  enzymes  it  seems  diwirable  to  examine  a  little 
more  closely  the  objections  to  this  view  which  Naegeli  and  Sacha 
Wscd  upon  the  nature  of  the  product-ii  of  onzymic  action  aa 
contrasted  with  tho&e  ansing  from  the  activity  of  the  organised 
ferments  or  Fungi.  Tho  peculiar  features  of  the  latter  which 
appeared  to  them  radical  find  their  representatives  among  the 
metabolic  phenomena  of  other  plants  than  Fungi,  and  are  really 
the  expression  of  tho  vital  activity  of  plants  in  cuiitlitions  which 
are  common  among  the  lowly  forms,  but  which  occur  abnormally 
among  the  higher  ones.  Aa  we  have  seen,  the  marked  feature 
of  the  life  of  these  plants  is  the  fact  that  the  products  of  their 
activity  become  less  and  less  nutritious  as  the  life  goes  on,  or  as 
the  authors  quoted  put  it,  as  the  fermentation  proceeda  When 
we  consider  that  the  fermentation  in  question  is  the  expression 
of  the  striving  of  the  cell  to  procure  nourishment  from  the 
environment  in  which  it  finds  itself,  this  ceases  to  be  a  matter 
for  surprise  and  becomes  only  what  might  be  expected.  But 
under  certain  conditions  the  higher  plants  behave  similarly,  and 
they  ought  therefore  to  be  considered  aa  ferments  also,  if  this 
feature  is  a  specific  mark  of  fermentation.  Boehm  and  dc  Luca 
have  shown  that  if  any  part  of  a  living  plant  is  intjufitctently 
supplied  with  oxygen,  hydrogen  and  sometimes  marsh-gas  are 
evolved  ft«m  it.  Bouasingault  and  Schulz  have  observed  similar 
phenomena.  These  exhalations  are  ordinary  features  of  tho 
putrefaction  set  up  by  micro-organisms.  From  plauta  cou- 
taining  mannite,  hydrogen  is  given  oflf,  while  according  to 
de  Luca  acetic  acid  is  formed  from  malic  acid  in  the  fruits, 
flowers,  and  leaves   of  the    Privet.     In    the  decomposittoD    of 
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protelds  again  Boehin  found  ammonia  exhaled.  The  condition 
under  which  these  results  are  obtained,  viz.  the  absence  of 
oxygen,  is  the  normal  condition  of  many  of  the  microbes,  they 
being  anxTobic  in  their  mode  of  life.  When  oxyjjen  is  present 
we  find  the  same  agreement.  The  result  of  the  action  of 
invertase  is  the  same  whether  that  action  is  brought  abont  by 
living  yeast  or  by  the  enzyme  extracted  from  a  higher  plant. 
The  decomposition  set  up  by  trypsin  in  the  formation  of 
proteoses,  pcptoiu'S,  and  amides  is  similar  to  that  induced  by 
some  of  the  proteolytic  bacteria  which  have  not  at  present  been 
found  to  secrete  an  cnz}Tne.  Sachs  claims  as  a  peculiarity  of 
all  fermentation  set  up  by  Fungi  that  carbon  dioxide  appears  as 
a  by-product.  This  is  not  to  be  wondered  at,  for  Fungi  like  all 
other  living  beings  exhale  this  gas  in  the  course  of  their 
respiration.  The  quantity  exhaled  can  in  many  cases  be  very 
greatly  increased  by  the  simple  process  of  allowing  the  plant 
an  insufHcient  supply  of  oxygen. 

The  difference  drawn  between  the  two  so-calfed  chiases  of 
ferments  is  therefore  unsupported  by  evidence  aud  breaks  down 
as  soon  as  it  is  carefully  scrutinised. 

The  exact  mode  of  action  of  the  enzymes  is  still  to  a  large 
extent  a  matter  of  speculation  and  must  remain  so  until  we 
arrive  at  some  definite  conclusion  as  to  their  exact  nature  and 
constitution.  This,  as  we  have  seen,  is  beyond  our  grasp  at 
pi-esent,  for  even  if  we  accept  the  view  that  they  belong  to  the 
group  of  Qucleo-proteids,  we  have  no  conception  either  of  their 
chemical  composition  or  of  the  manner  in  which  their  groups  of 
molecules  are  arranged.  There  are  however  features  of  their 
action  which  are  more  or  less  clearly  established. 

We  have  seen  that  in  many  cases  this  action  is  one  of 
hydration,  especially  in  the  cases  of  the  simplest  trausformationa 
To  recall  several  of  these  which  have  been  discussed  in  preceding 
chapters,  we  have  among  others  the  reactions  expressed  by  the 
equations : 

Invertase  CuH^Oy  +  H,0  =  C,HuO,  +  C.Hi^O,- 

Emulain  C»H„NO„  +  2H,0  =  C.H.COH  +  HON  +  2CeHuO^ 

Lipase  C„H,«0.  +  3H,0  =-  3C„H«0,  +  C,H,(HOV 

Urease  C0NaH,  +  2H,0-(NH,),C0^ 
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The  oxida.s(;s  exhibit  another  process  of  a  similar  character, 
but  instead  of  inducing  hydration  they  set  up  oxidation.  In 
the  case  of  the  action  of  laccase  upon  hydroquiuuae  we  have 
the  reaction  expressed  by  the  equation 

2C.H,(0H),  +  O,  =  2H,0  -f  2QH.O^ 

The  enzyme  diflfci-a  fmm  those  of  the  other  group  by  trans- 
ferring oxygen  t-c  the  fermenting  body  instead  of  water. 

These  two  classesS  of  reaction  suggest  that  the  enzyme  is 
coDcemed  with  the  transference  of  some  molecule  to  the 
fermenting  body  which  it  could  not  otherwise  combine  with, 
and  a  fairly  simple  chemical  hypothesis  might  be  fmined  upon 
obsei-vatiouB  such  as  those  quoted.  But  it  would  be  unsafe  to 
generalise  so  hastily,  for  other  decompositioud  due  to  enzymes 
are  not  apparently  of  the  same  order.  Two  noteworthy 
instances  are  known  in  whieh  decomposition  uf  the  fermenting 
substance  takes  place  apparently  without  the  intervention  of 
either  water  or  oxygen.  Buchner's  zymase  splits  up  sugar 
according  to  the  equation 

C.H„0,  =  2C0,  +  2CH.CH,0H, 

and  myrosin  decomposes  siiiigriu  in  the  manner  shown  in  the 
expression  C.„H„NKSA«  =  C,H,CNS  +  C,H„0,+  KHSO,. 

We  must  not  however  conclude  that  even  the  first  reactions 
quoted  do  more  than  express  the  final  results  of  the  actions  of 
the  particular  enzymes  iu  question.  We  have  no  ground  for 
suppi>sing  the  latter  to  be  of  so  simple  a  nature  as  the 
equations  would  indicate,  but  on  the  contrary  there  are  many 
reasons  for  enterl^iuiug  the  opjwsite  view.  We  know  that  the 
action  of  diastase,  which  is  capable  of  being  represented  by 
almost  as  simple  an  expression,  is  a  progressive  one  and  that 
many  stages  of  the  process  have  been  demonstrated. 

Certain  observations  of  O'Sullivan  and  Tompson  on  the 
behaviour  of  invertase  lead  to  the  conclusion  that  the  h^'drolysis 
of  cane-sugar  by  the  enzyme  is  complex  rather  than  simple. 
In  studying  the  eifect  of  a  rise  of  temperature  on  the  enzyme 
they  ascertained  that  there  was  a  great  difference  in  its  power 
of  resisting  decomposition  by  heat  according  to  the  conditions 
in  which  it  was  placed  with  regard  to  cane-sugar.    When  it  was 
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heated  in  the  absence  of  the  latter,  the  enzynie  was  almost  all 
destroyed  at  50^  C. ;  while  if  the  sugar  was  present  this  effect 
waa  not  produced  till  the  temperature  was  75°  C.,  a  difference 
of  25*  G.  The  authors  advance  as  an  explanation  the  view 
that  the  invcrtase  enters  into  comhination  with  the  sugar  as  a 
stage  in  the  hydrolyaia  and  that  the  compound  so  formed  can 
resist  the  heat  more  Huccc8sfii1Iy  than  cun  the  invertaae  alone. 
They  hold  further  that  the  new  compound  is  unstable  and 
becomes  decomposed  when  its  molecule  meets  with  another 
molecule  of  cane-sugar. 

Whether  we  endorse  their  explanation  or  not,  their  obeer\'s- 
tion  on  the  influence  of  cane-sugar  on  the  temperature  of 
destruction  must  lead  us  to  believe  that  the  reaction  is  com- 
plicated in  some  manner  by  the  invertase  entering  into  it. 

This  observation  does  not  stand  alone.  The  writer  has 
observed  a  similar  difference  of  behaviour  in  the  case  of 
vegetable  rennet,  though  in  the  opposite  direction.  This 
enzyme  is  weakened  and  destroyed  at  a  lower  temperature 
if  heated  in  the  presence  of  casein  than  when  it  is  similarly 
treated  in  the  absence  of  the  proteid. 

Buchner's  zymase,  again,  is  more  stable  in  the  preseuoe 
than  in  the  absence  of  sugar. 

Chittendeu  has  observed  that  if  neutralised  pine-apple 
juice,  containing  bromelin,  is  heated  to  60"^  C.  in  the  absence 
of  any  proteoses  or  peptones,  the  enzyme  is  rapidly  destroyed, 
whereius  tliis  temperature  is  the  one  at  which  it  is  most  active 
if  protcids  are  present  during  the  warming. 

Btemacki  found  similarly  that  albumoses  or  peptones  raised 
the  temperature  at  which  trypsin  was  destroyed  by  5*  C.  or  ■ 
more,  and  that  while  pepsin  in  the  absence  of  peptoue  was 
destroyed  in  acid  solutions  by  a  temperature  of  65"  C.  it  was 
active  after  being  heated  to  TO""  C.  if  peptone  was  present. 

We  may  also  note  in  this  connection  the  possible  significance 
of  the  inhibitory  effects  of  traces  of  acids  or  alkalis  in  the 
solution  in  which  an  enzyme  is  working.  The  minute  trace 
of  the  reagent  required  to  cause  inhibition  seems  to  co^^e^1pond 
to  the  extremely  small  amount  of  the  enzyme  usually  present, 
and  it  does  not  seem  a  wild  speculation  to  suppose  that  it  may 
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affect  the  action  of  the  latter  by  entering  into  some  combination 
with  it,  the  resulting  body  not  being  capable  then  of  uniting 
with  the  substance  which  the  enzynie  would  ordinarily  trans- 
form. That  acids  and  enz3mie9  do  in  some  cases  combine  we 
know  from  a  conuideration  of  the  relations  between  pepsin 
and  hydrochloric  acid,  the  ferment  being  absolutely  inoperative 
without  hydrochloric  or  some  other  acid.  Biemacki  has  shown 
that  pepsin  in  the  absence  of  an  acid  is  destroyed  at  a  tem- 
perature 5°  C.  lower  than  that  which  is  required  for  similar 
destruction  in  its  presence.  Chittenden  found  that  bromelin 
on  the  other  band  would  withstand  a  higher  temperature  in 
neutral  than  in  acid  solutions.  In  this  case  the  compound,  if 
such  exists,  is  less  stable  than  the  t-nzymc  alone. 

As  we  have  seen  the  decompositions  set  up  by  enzymes  are 
very  varied.  In  some  cases  the  action  appears  to  be  hydrolytic, 
in  others  oxidative,  and  in  others  disruptive  without  previous 
hydrolysis  or  oxidation. 

In  endeavouring  to  form  a  hypothesis  which  shall  be 
capable  of  accounting  for  all  these  transformations  there  seema 
to  be  no  necea*nty  to  draw  any  distinction  in  this  respect 
between  (i)  the  fermentative  activity  of  protoplasm,  (ii)  the 
action  of  enzymes  which  act  only  intracelluiarly,  and  which 
have  only  a  transient  existence,  being  decomposed  as  soon  as 
their  immediate  duty  is  discharged,  and  (iii)  the  action  of  those 
which  are  excreted  fnun  the  cell.**,  and  arc  much  more  stable, 
being  capable  of  preservation  by  the  various  methods  already 
described.  The  difference  between  these  three  agents  is 
probably  one  of  degree  only  and  not  of  kind. 

It  seems  clear  however  that  any  hypothesis  which  shall  be 
satisfactory  must  go  back  in  some  way  to  a  physical  or  physico- 
chemical  theory,  although  such  a  view  need  not  have  much  or 
indeed  anything  in  common  with  that  which  gave  place  to  the 
physiological  one.  Admitting  that  the  problem  is  physiological 
as  regards  the  ftinctions  of  the  enzymes  and  their  position  with 
regard  to  the  metabolism  of  the  organism,  we  must  recognize 
that  the  changes  which  we  call  metabolic,  and  in  which  these 
enzymes  take  part,  are  fundamentally  connected  with  chemical 
or  physical  processes  going  on  in  the  cells. 
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We  caDDot  nuw  be  satisfied  with  the  atatemenb  that  fer- 
meutatiou  is  couuecled  with  the  life  uf  the  oi^oism  and  is  u 
6ymptum  or  uiauifestatiun  uf  that  life.     We  must  pass  beyund., 
this  to  enquire  into  the  nature  of  the  processes  by  which  it 
asedsttt  to  maiutaiu  that  life  and  take^^  part  lu  that  metabob'sm.] 
Such  a  physical  or  cheniical  hyiwthesi.s  will  have  very  little  in' 
common  with  that  of  Liebig  beyond  perhaps  embracing  the 
view  that  molecular  vibiutiou  plays  a  part  iu    the    trausfor- 
matioDS,  if  indeed  any  hypothesis  based  upon  vibration  will^ 
survive  examination.  B 

Before  dlscusBing  the  question  of  a  ph}'%ical  as  distinct  from 
a  chemical  process  the  recent  rescoi'ches  of  Emit  Fischer 
demand  some  attention.  They  are  based  upon  the  great 
development  of  sterco-chemitttry  during  the  last  decade,  and 
develop  the  idea  that  in  the  reactions  of  various  chemical 
bodies  the  molecular  configurations  of  those  taking  part  mu^^^ 
show  a  certain  correspoadoncc.  ^| 

This  view  appears  to  have  been  suggested  by  the  anomalous 
behaviour  uf  diflcrent  species  of  Yeast  or  Soecharomyces  when, 
brought  into  contact  with  different  sugars.  Hauseu's  very  com-ij 
plete  restiarcbcs  into  the  biology  of  the  Yeast  plant  euabled  '. 
to  determine  at  leaat  teu  defmite  species  of  this  genus,  whose  Ufe-^ 
history  and  capabilities  of  ioduciug  fermentation  he  ascertained 
with  extreme  accuracy.  Of  these  ten  species,  six  hydrolyae 
both  caue<Mugar  and  maltose,  forming  bexoses  as  described 
in  a  preceding  chapter.  They  tlieu  further  carry  on  alcoholic 
fermentation  at  the  expense  of  these  hexuses.  Saccharomjfces 
Marxiamts  cannot  attack  maltose,  but  can  hydrolyse  cane-sugar. 
S.  mmnhrano'j'aciens  does  not  ijivert  either  sugar  and  is  not 
cajMible  of  setting  up  alcoholic  fermentation.  With  a  particular 
species  of  Yeast  again  there  are  conspicuous  differences  among 
the  sugars  as  to  their  power  of  undergoing  feimentation.  Of 
the  biose  polysaccharides,  cane-sugar,  maltose  and  trehalose  are 
capable  of  producing  alcohol,  but  they  must  first  be  hydrolysed 
to  hexuses.  Of  the  latter  glucose  and  fructose  are  much  the  most 
readily  fermented ;  galactose  is  very  refhictory,  but  is  said  by 
Bourquelot  to  be  fermentable  when  a  small  quantity  of  either 
glucose,  fructose^  or  maltose  is  present  also,  but  not  under  other 
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conditions.     Lactose  again  is  said  by  Duclaux  and  by  Kayser 
to  be  capable  of  fermenlatioa  by  three  species  of  yeast. 

Fischer  was  ted  from  a  coosideration  of  such  facts  as  these 
to  suggest  that  these  ferments  can  only  attack  those  sugars 
which  possess  a  molecular  configuration  corresponding  to  their 
own.  Researches  which  he  carried  out,  using  various  enzymes, 
enabled  him  to  put  forward  this  view  as  applying  to  fermenta- 
tion in  general,  whether  set  up  by  living  protoplasm  or  the 
enzymes  it  secretes.  His  first  investigations  were  directed 
towards  the  behaviour  of  glucase  when  brought  into  contact 
with  various  sugars  and  glucosides. 

When  a  solution  of  a  sugar  in  methyl  alcohol  is  saturated 
with  hydrochloric  acid  it  lo^es  the  power  of  reducing  Feh- 
ling's  fluid,  and  a  crystalliaable  compound  having  the  formula 
CiHuOjCHj  is  formed  as  the  result  of  a  rtaction  represented  by 
the  equation  C\U„0.  +  CH.OH  =  C.HuO.CH,  +  H,0.  The  same 
reaction  takes  place  with  all  the  alcohols  which  are  capable 
of  dissolviog  sugar,  and  the  compounds  formed  correspood  to 
natural  glucosidos.  The  sugar  entering  into  the  reaction  neod 
not  necessarily  be  glucose,  so  that  series  of  such  artificial 
methyl-glucosides  may  be  prepared.  These  bodies  ai-e  not 
altered  by  Fehling's  solution,  phenylhydraziue  or  caustic 
potash,  but  when  boiled  with  dilute  acid  they  take  up  water 
and  are  decomposed  into  sugar  and  alcohol 

Theory  indicates  the  existence  of  two  glucosides,  both  of 
which  are  formed  by  the  action  of  hydrochloric  acid  on  a 
solution  of  d  glucose  in  methyl  alcohol.  According  to  Fischer 
they  have  respectively  the  formuUe 

H— C— O-K*    and     'IU-0— C— H 

/cHOH  CHOH 

^\  CHOH  ^\    CHOH 

CHOH  CHOH 


CHjOH 


CH,OH 
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Fischer  calls  them  respectively  a  and  0  melhyl-glnooside. 
He  acted  upon  these  new  compounds  (which  only  differ  in  the 
configuration  of  the  one  asymetric  carbon  atom)  with  a  prepara- 
tion of  glucase  made  by  digesting  yeast  with  15  times  its 
weight  of  water  for  15  hours  at  30 — 35' C.  and  filtering. 
The  a  body  was  decomposed  by  the  enzyme  after  20  hours 
action.  The  quantity  of  glucase  solution  was  one-tweotietli 
part  of  the  solution  of  the  glucoside^  and  the  temperature  was 
90 — 35**  C.  About  half  of  the  glucoside  was  transformed  into 
glucose  and  alcohol. 

The  y9  body  was  tested  in  the  same  way,  but  remained 
altogether  unaflFected. 

Fischer  prepared  the  o-  ethyl-gluooside  and  found  that 
glucase  decomposed  it  aa  it  did  the  con'esponding  ineth}-! 
one. 

When  the  artificial  glucoside  was  prepared  with  I  glncose, 
glucase  was  found  to  be  without  action  on  it.  When  d  glucose 
was  replaced  by  galactose  again,  no  decomposition  was  effected 
by  glucase. 

When  ordinary  d  fructose  (levulose)  was  iiscd  instead  of  d 
glucose,  the  resulting  glucosides  of  the  a  type  were  decomposed 
by  glucase.     Xnvertase  could  not  effect  these  decompositions. 

Fischer  attributes  these  differences  of  behaviour  to  the 
difference  of  configuration  of  the  sugar  molecules  in  the 
several  cases.  This  \iew  gains  some  support  from  the  fact  th 
each  of  the  biose  polysaccharides  is  hydrolysed  by  a  specia 
enzyme,  cane-sugar  by  iuvertafle,  maltose  by  glucase,  milk-sug 
by  lactase,  and  others  by  other  enzymes,  as  described  m 
Chapter  IX.  of  this  volume.  If  the  reason  is  a  correai>ondence 
in  configuration  between  the  sugar  and  the  enzyme  it  would 
apply  equally  to  the  failure  of  glucase  to  d<jcompose  the 
methyl -galacfcoside,  as  lactose,  which  jields  galactose  and  glueoao 
on  hydrolysis,  is  unaffected  by  glucase. 

Fischer  carried  his  observations  further  and  experimente^H 
on  the  action  of  gliica.se  on  the  aromatic  glucosides.     He  fbuna™ 
it  unable  to  attack  many  of  these,  but  to  be  capable  of  setting 
up  a  decomposition  of  amygdalin,  which  affected  the  sugar 
radicle  of  the  complex  molecule  only.    Instead  of  acting 
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eroalsan  and  fbrmiog  bitter  ainiGod  oil  uod  hydrocjiuio  add 
vith  two  molecnka  of  glneose.  it  was  ooljr  c«p«bl«  of  qitittiiig 
off  one  moleciile  of  i^neose.  IcAvin^  a  nev  ^uooeide  ooaUinivg 
the  other  mofecnle  of  the  hexose. 

Fischer  studied  the  action  of  emolan  as  veil  as  glioease  OQ 
the  artifictal  gloooaadea.  He  foand  that  like  glucaae,  eoMilaill 
attacked  the  gloooaida  of  d  glocose,  but  ix  was  ino^afale  of 
decomposing  those  of  galactose  and  amilar  sugars  It  was 
also  without  effect  upon  the  methyl  I  glacoside&.  Its  aotioo 
was  however  easily  disbnguistiable  from  that  of  glucase*  for 
it  only  decomposed  the  glucosidee  poseessing  the  fi  ooDSti- 
tutioDr  while  glm^ase  attAcked  only  the  a  group. 

Fbcher  fotiod  that  emolsiu  was  without  action  oo  methyl- 
(i-mannofiide,  methyl -sorboside  or  methyl-galactoaide.  It  would 
not  decompose  either  the  a  or  /?  fonn  of  methyl-glacoside 
prepared  from  /  glucose. 

Myrosiu  showed  similar  differences ;  it  split  up  the  a  methyl- 
fi-gluco8ide  but  not  the  fi  <mi& 

Glucasc  prepared  from  yeast  did  not  attack  methyl-sorboside, 
nor  methyl-mannoside  prepared  &om  reaeire  cellulose. 

On  the  basis  of  these  researches  of  Fischer  we  may  arrive 
at  the  following  view,  which  was  in  the  main  suggested  by  him. 
The  enzj'mea  being  probably  nucleo-prot^id  in  nature,  are  like 
true  protcids  optically-active  substaooea,  and  on  account  of  this 
their  molecules  have  an  asj-mmetric  structure.  As  the  work 
described  shows  that  the  action  of  cnzj-mes  is  a  selective  one, 
it  follows  that  those  substances  with  which  they  come  into  such 
contact  as  will  enable  them  to  provoke  decompositions  must 
have  a  configuration  corresponding  to  their  own.  The  two 
molecules  may  be  taken  to  have  such  a  mutual  relationship  as 
that  existing  between  a  key  and  the  lock  for  which  it  is  con- 
structed, the  shape  of  the  key  enabling  it  only  to  unfasten  the 
particular  lock  to  the  arrangement  of  whose  wards  it  corre- 
sponda 

The  configurations  of  the  two  bodies,  the  sugar  and  the 
enzyme,  fittiug  as  it  were  into  each  other,  the  disntptlon  of  the 
former  by  the  latter  becomes  conceivable.  Fischer  Uys  stress 
specially  on  the  behaviour  of  the  a  and  fi  methyl-gluoosides 
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with  glucose.  The  two  glucosides  have  the  same  coinp<.)sitioii, 
are  fonnod  from  the  same  alcohol  and  the  same  sugar,  and 
differ  only  in  tho  configuration  of  a  single  carbon-aUim  which 
is  reudered  asymmetric  by  the  introduction  of  the  methyl-group 
into  the  sugar. 

The  same  relationship  or  correspondence  of  form  may  well 
exist  between  other  enzymes  than  those  decomposing  sugars 
and  the  bodies  whose  decompositions  they  effect.  The  latter 
are  for  the  most  part  asymmetric  substances. 

"We  can  now  return  to  the  consideration  of  the  question 
whether  the  actual  processes  of  fermentation  can  beat  be 
explained  on  a  physical  or  a  chemical  hypothesis. 

The  original  position  of  Licbig  demanded  a  vibratOTy 
movement  of  the  molecules  of  the  body  exciting  fermentiation, 
and  he  associated  such  a  movement  with  the  decomposing 
nitrogenous  matter  in  the  solution.  This  was  modified  partly 
by  himself  and  partly  by  his  successors  to  embrace  the  idea 
that  the  vibrations  were  set  up  by  living  cells  or  by  something 
excreted  from  them.  Fischer's  hypothesis  does  not  appear 
inconsistent  with  this  view  ;  indeed  it  supplies  a  reason  for  the 
selective  fennentations  set  up  by  different  excreted  bodies  or  M 
enz}Tnes,  showing  that  only  such  bodies  can  be  thrown  into  " 
increased  molecular  vibration  as  have  a  similar  configuration 
to  the  enzyme. 

But  a  view  based  upon  molecular  vibration  does  not  seem 
satisfactory,  in  the  face  of  what  is  now  known  about  the  nature 
of  enzymes,  little  as  it  is.  They  are  not  continually  undergoing 
decomposition  as  was  the  case  with  Liebig's  organic  nitrogenous 
material  On  the  other  hand  they  are  fairly  stable  substances, 
even  when  in  aqueous  solution.  Moreover  in  the  light  of  the 
observations  noted  already,  there  is  reason  to  believe  that  they 
enter  into  some  form  of  chemical  combination  with  the  bodies 
which  they  hydrolysc. 

Berzelius  long  ago  rejected  Liebig's  view  of  molecular  vibm- 
tion  in  favour  of  a  theory  that  the  action  was  one  of  contact, 
comparable  t.o  the  effect  which  spongy  platinum  produces  on 
water  holding  oxygen  in  solution.  Not  only  spong)'  platinum, 
but  many  other  bodies,  such  as  finely  powdered  charcoal,  or 
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mangoneso  dioxide,  or  finely  precipitated  silver,  when  added  to 
water  saturated  srith  oxygen  cmisc  the  latter  to  be  given  off  in 
bubbles.  Many  of  the  enzymes  will  produce  the  same  effect, 
having  this  property  in  commoTi,  as  well  as  possessing  the 
speciBc  powers  already  described.  Schoenbcin,  who  first  noticed 
this  peculiarity,  thought  it  was  especially  connected  with  their 
fermentative  power.  Jacobson  has  shown  that  this  is  not  the 
case,  for  if  gently  and  gradually  heated  their  solutions  lose  this 
property  before  they  part  with  the  power  of  exciting  their 
specific  actions. 

The  suggestion  does  not  however  throw  any  light  upon  the 
mode  of  action  which  can  be  associated  with  them.  Nor  is 
there  such  a  similarity  between  enzymes  and  a  body  like 
spongy  platinum  as  would  alkiw  us  to  regard  their  behaviour 
as  identical. 

A  hypothesis  was  advanced  in  1870  by  Baeyer  that  fermen- 
tation is  due  to  electric  hydrolysis;  that  as  the  result  of 
electrical  action  in  the  liijuid  the  elements  of  water  are 
withdrawn  from  the  sugar  and  added  on  again  in  a  different 
order,  so  that  there  is  going  on  in  the  liquid  an  electric 
hydration  and  dehydration.  This  suggestion  has  been  sup- 
ported by  Armstrong,  who  has  pointed  out  that  in  adopting 
this  view  it  is  not  necessary  to  assume  that  there  is  ever  any 
actual  separation  of  the  elements  of  water  from  the  molecule 
and  their  subsequent  readmission,  but  that  the  action  may  be 
brought  about  by  a  kind  of  electrolytic  change  taking  place 
locally  within  the  molecule.  On  this  hypothesis  the  part 
played  by  the  enzyme  or  the  organism  might  well  be  to 
complete  the  galvanic  circuit  and  so  to  allow  the  electrolytic 
current  to  pa.s.s.  This  is  not  out  of  harmony  with  Fischer's 
views,  as  a  close  approximation  of  the  two  sufficient  to  form  a 
pathway  for  the  current  might  well  depend  upon  their  possessing 
a  corresponding  configuration.  This  hypothesis  demands  how- 
ever that  enzymes  shall  be  electrolytes,  and  of  this  so  far 
there  is  no  evidence. 

A  physical  hypothesis  of  a  different  nature  has  been 
advanced  by  de  Jager.  Starting  with  Naegeli's  view  that 
fermenting  yeast-cells  emit  vibrations  which  pass  out  of  the 


432 


THE  MODE  OP  ACTIOIT  OF  ENZYMES. 


[gb. 


cells  and  decompose  the  sugar  in  the  solution  surrounding 
them,  de  Jftger  suggests  that  the  enzymos  may  be  regarded  not 
aa  substances  at  all,  but  as  the  vibrations  themselves,  that  is  as 
properties  of  substancoH  rather  than  material  bodies.  In  this 
way  he  compares  them  to  other  physical  forces,  such  as  light, 
electricity,  and  magnetism.  Fermentation  so  would  come  to 
consist  of  chemical  transformations  set  up  by  physical  forces 
and  not  in  any  sense  dependent  on  the  chemical  action  of  a 
molecular  substance.  ^ 

This  theory  has  been  recently  taken  up  and  eUborated  by  ■ 
Maurice    Arthus,   who    has    very    ingeniously   compared    the  ~ 
properties  of  enajmies  with  those  of  various  physical  foroee. 
He  lap  stress  particularly  on  two  facts:  Ist,  that  the  com- 
position of  the  enzyme  ao  far  has  eluded  the  iuvedtigations 
of    the   most   eminent   chemists,   and    that    all    their    reenlta 
have  only  shown  that  these  bodies  if  they  exist  cannot  be 
separated  from   impurities.     2nd,  that  the  amount  of  any  of  ■ 
them  which  effects  a  decomposition  is  infinitesimal    iu   com- 
parison with  the  amqunt  of  material  which  it  can  decompose. 
He    regards    the  "carrying"  theory    of   Bunsen    as    totally 
inadequate  to  account  for  this  enormous  disproportion.    Farther  M 
he  endeavours  to  show  that  their  various  so-called  "  properties  "  ■ 
arc  paralleled  by  properties  of  the  different  physical  agencies 
with  which  he  is  di-^posed  to  rank  them. 

Though  the  theor}'  is  ingeuious  it  seems  impossible  to  recon- 
cile it  with  the  very  definite  processes  of  formation  or  secretion 
which  we  have  seen  can  be  observed  in  both  animal  and 
vegetable  tissues.  The  ditiforcnt  reactions  which  they  present, 
their  respective  powers  of  solubility  and  precipitation,  their 
varying  capabiUty  of  dialysis,  &c.,  also  point  much  more  strongly 
to  their  being  definite  material  entities. 

The  view  that  the  action  of  enzymes  is  chemical  rather 
than  physical  in  its  character  has  met  with  considerable 
support  The  changes  which  so  many  of  them  set  up  we  have 
seen  are  hydrolytic,  the  fermenting  body  taking  up  water  through 
their  instrumentality  and  subsequently  undergoing  decom- 
position. Most  of  the  changes  so  effected  can  be  brought  about 
in  the  laboratory*  by  ordinary  chemical  reagents, — starch  can  be 
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hydrolysed  to  sugar  by  dilute  mineral  or  organic  acids:  the 
same  bodies  will  produce  glucose  and  fructose  from  cane-sugar; 
fats  can  be  decomposed  by  alkalis  or  by  superheated  steam ; 
peptones  can  be  formed  by  heating  proteids  to  a  high  tempera- 
ture in  a  PapinB  digester.  Moreover  when  tlie  changes  set 
up  by  the  enzymes  are  investigated  carefully,  they  show 
considerable  corroapondence  in  detail  with  changes  which  are 
distinctly  chemical.  In  the  coun»e  of  the  observations  upon 
invcrtase  to  which  allusion  was  made  in  the  last  chapter, 
C.  O'Sullivan  and  Tompson  showed  that  the  rate  of  inversion 
of  cane-sugar  which  it  brings  about  may  always  be  represented 
by  a  definite  time  curve  which  "  ia  practically  that  given  by 
Harcourt  as  being  the  one  expressing  a  chuuiical  change  of 
which  DO  condition  varies,  excepting  the  diminution  of  the 
changing  substance*."  It  thus  obeys  the  law  formulated  by 
Harcourt  that  in  the  caee  of  a  substance  undergoing  such 
change  under  such  conditions,  the  amount  of  change  occurring 
at  any  moment  is  directly  proportional  to  the  quantity  of  the 
substance.  J.  O'Sullivan  also  has  found  that  the  hydrolytic 
action  of  yeast  at  the  ordinary  temperature  follows  the  same 
course  as  that  of  a  simple  chemical  interchange. 

But  if  we  adopt  the  view  that  we  are  dealing  with  an 
ordinary  chemical  reaction,  leading  in  these  cases  to  hydration 
and  subsequent  decomposition  we  have  still  to  enquire  what  is 
the  exact  nature  of  that  reaction.  Any  explanation  of  the 
latter  must  be  such  as  to  include  also  those  more  complex 
changes  which  involve  the  actual  disruption  of  the  molecule, 
and  which  we  find  in  the  cases  of  myroein  and  Buchner's 
zymase. 

In  considering  the  question  of  the  chemical  changes  set  ap 
by  enzymes,  the  first  thing  that  strikes  an  observer  is  the  ex- 
tremely small  amount  of  one  of  them  that  is  needed  to  bring 
about  the  transformation  of  an  enormous  amount  of  the  body 
which  it  attacks.  Thus  O'Sullivan  and  Tompson  showed  in 
one  of  their  experiments  that  a  sample  of  invertase  induced 
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inversion  of  100,000  times  its  owd  weight  of  cane-sugar. 
Moreover  it  was  not  dcslruyed  or  even  greatly  injured  by  its 
activity.  The  decomposition  of  an  enzyme  during  the  course 
of  its  activity  has  been  ahown  by  Tammann  to  be  very  alow  and 
gradual,  and  to  be  influenced  by  differences  of  temperature  in 
the  same  way  as  the  activity  itself  These  considerations  lend 
a  good  deal  of  plausibility  to  a  suggestion  which  has  been  made 
by  Bunsen  and  by  Hufner  that  enzymic  action  may  be  similar 
to  the  behaviour  of  nitric  oxide  in  the  manufacture  of  sulphuric 
acid  or  of  sulphuric  acid  iu  the  preparation  of  ether.  In  the 
former  process  a  stream  of  sulphur  dioxide  mixed  with  oxygen 
in  the  presence  of  water  is  presented  to  nitric  oxide,  and  the 
further  oxidation  of  the  sulphur  dioxide  is  effected  with  great 
rapidity.  A  small  proportion  of  the  oxide  of  nitrogen  will  effect 
the  combinatiun  of  an  almost  indefinite  amount  of  sulphurous 
anhydride  and  oxygen.  Nitric  oxide  in  the  presence  of  oxygen 
immediately  becomes  nitrogen  peroxide,  and  the  latter  when 
mixed  with  sulphurous  anhydride  and  a  large  quantity  of  water 
give*  up  oxygen  to  the  sulphurous  anhydride,  which  becomes 
sulphuric  acid,  while  the  original  amount  of  uitric  oxide  is 
agiiin  formed.  This  process  continues  so  long  as  any  sulphurous 
anhydride  remains  in  the  presence  of  oxygen  uncumbined 
with  it. 

The  action  of  sulphuric  acid  in  the  manufacture  of  ether 
&om  alcohol  is  of  a  similar  kind.  An  interactioo  of  the  acid 
with  the  alcohol  takes  place,  which  can  be  expressed  by  the 
equation 

C^,HO        +  H^O.  =  C,H.HSO.       +  HA 

Alcohol     Snlpbaiic  acid      EUi.vl  &ulpluite       Water 

and  the  ethyl  sulphate  reacts  with  another  molecule  of  alcohol 
in  a  manner  indicated  by  the  further  equation 

C,H,HSO.  +  C,H.HO  -  (C^.XO     +  H^O,. 

Ethyl  satpbftte        Alcohol  Elher      Salphurio  Mid 

On  this  view  we  may  suppose  the  enzyme  to  attach  itself  to 
the  body  on  which  it  acts,  with  or  without  the  elimination  or 
addition  of  water.    The  now  compound  meeting  with  a  further 
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molecule  of  the  same  body  will  then  be  decomposed  with  the 
formation  of  the  Ixxly  found  to  result  from  the  action  of  the 
enzjine,  the  latter  being  again  liberated  unchanged  or  perhaps 
reformed. 

This  view  must  remain  at  present  hypothetical,  as  no  one 
so  fer  has  isolated  a  compound  of  the  enzyme  and  the  body  it 
attacks.  But  as  we  saw  in  the  last  chapter,  O'SuUivan  and 
Tompeon  have  found  reason  to  believe  that  such  a  combination 
exists,  their  view  being  based  on  the  effect  of  heat  on  iuvertase 
in  the  presence  and  in  the  absence  of  cane-augar  in  the  solution 
under  examination.  Matthicii  ami  Hallopean  were  led  by  some 
of  their  observations  to  the  view  that  in  the  action  of  pepsin  in 
the  stomach  the  chlorine  of  tho  hydrochloric  acid  enters  into 
combination  with  the  albuminoid  substances,  and  even  with  the 
peptone.  If  this  conclusion  is  well-founded  the  acid  jnay  be  an 
intermediary  between  the  pepsin  and  the  proteid,  for  we  know 
it  is  in  very  close  association,  if  not  union,  with  the  former. 

If  the  hypothesis  is  a  valid  one,  the  behaviour  of  enzjrmes 
must  fall  into  line  with  other  chemical  actions.  One  of  the 
fundamental  features  of  the  latter  ia  that  if  two  compounds 
capable  of  chemical  interaction  are  present  in  the  same  Holution 
the  resulting  interchange  will  not  be  complete  unless  one  of 
the  products  fonned  is  removed  as  fast  aa  it  appears.  A  certain 
Amount  of  nil  four  possible  bodies  will  result,  the  relative 
(|uantities  depending  on  various  conditions,  and  the  chemicAl 
interchange  will  only  cease  when  a  definite  point  of  dynamical 
equilibrium  between  them  is  reached.  This  point  must  depend 
among  other  things  upon  the  relative  amounts  of  the  reacting 
bodies  in  the  solution  and  will  therefore  vary  accordingly. 

The  behaviour  of  sulphuric  acid  and  alcohol  will  illustrate 
this  point  So  long  as  alcohol  is  in  excess  the  ethyl  sulphate 
first  formed  will  combine  with  it  as  described,  giving  rise  to 
ether.  But  if  water  is  in  excess  a  reaction  will  occur,  which 
will  lead  to  the  decomposition  of  the  ethyl  sulphate  into  the 
oorapounds  from  which  it  was  formed, 

CaH.HSO,     +H,0  =  C.H.HO   +  U;SO,. 

Ethyl  sulphate       Wator         Alcohol     Sulphario  omd 
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lu  the  process  therefore  all  four  bodies,  alcohol,  sulphuric 
acid,  ether,  and  water  will  be  found  together,  and  the  ultimate 
equilibrium  point  will  depeud  on  the  relative  proportions  oft 
alcohol,  the  water,  and  the  sulphuric  acid. 

We  must  therefore  expect  that  in  the  action  of  enaytnea 
the  continuous  and  complete  decomposition  of  the  original 
substauce  on  which  the  enzyme  works  cannot  take  place  unless 
the  ultimate  product  formed  is  removed  as  fast  ss  it  appeara. 
If  this  i.s  not  done  the  action  should  f^o  on  rapidly  at  first,  but 
gradually  more  slowly  until  the  equilibrium  jwint  is  reached, 
when  the  action  should  cease.  This  is  exactly  what  has  been 
found  in  many  cones.  Tammann  has  shown  that  a  considerable 
inhibition  of  the  action  of  emulsin  on  amygdalin  is  caused  by 
the  accumulation  of  the  products  of  the  decomposition,  and  that 
this  is  not  due  at  all  to  a  destruction  of  the  enzyme.  Brown 
and  Morris  have  shown  that  it  is  almost  impossible  to  com- 
plctely  hydrolyse  starch  by  means  of  diastase,  generally  nearly 
SO  per  cent^  of  dextrin  remoiniug.  Lea  has  found  that  the 
hydrolysis  can  be  completed  if  the  sugar  is  removed  as  fast  as  it 
is  formed. 

Again,  if  the  relative  amounts  of  the  interacting  bodies 
regulate  the  course  of  the  action,  an  enzyme  should  be  capable 
of  effecting  a  certain  amount  of  a  reverse  action,  when  the  final 
instead  of  the  initial  body  is  presented  to  it  Certain  investi- 
gations made  recently  have  shown  that  this  also  is  one  of  the 
features  of  the  behaviour  of  enzymes. 

An  ext-ended  research  upon  the  action  of  maltase  or  glucsse 
upi>u  malt'Sugar  was  made  by  Croft  Hill  in  1897  and  IS9S. 
The  enzyme  was  prepared  from  dried  yeast  with  appropriaie 
Antiseptic  precautions  and  the  experiments  were  safeguanled 
by  the  use  of  toluene  in  all  the  digestions.  Hill  found  at  the 
outlet  that  the  presence  of  glucose  had  a  marked  inhibitoiy 
effect  upon  the  hydrolysis  of  maltose,  and  this  effect  was  greater 
OS  the  sugar  solutions  werv  mure  concentxaied  When  the 
engine  was  digested  with  a  40  per  cent,  soludoo  of  glucoae  at 
30*  C.  a  slow  convctaioiD  of  the  latter  into  maltoae  was  detected. 
As  the  adioD  proceeded  its  amount  was  measared  by  obeerrii^ 
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the  rotation  of  a  ray  of  polarised  light  in  a  polarimeter  and  by 
asoertainiug  the  cupric-oxide-reducing  power  of  the  solution. 
After  five  days  3*25  per  cent,  of  the  glucose  bad  undergone 
conversion,  which  waa  increased  to  10  per  cent,  after  2H  days, 
and  to  145  per  cent,  after  70  days.  Beyond  this  point  no 
chuDgc  rjccurrcd,  so  that  an  equilibrium  point  for  these  two 
sugars  was  reached  when  there  was  85o  per  cent,  of  glucose 
and  14'5  per  cent,  of  maltose  present.  The  quantitative 
dctcrmi nation 3  were  chocked  by  treatment  of  the  contents 
of  the  flafik  with  pheuylhydraziue  acetate,  when  two  ofiazones 
were  formed,  having  the  properties  of  glucosazone  and  malto- 
sazone  respectively. 

In  a  subsequent  experiment,  in  which  a  mixture  of  the 
two  sugars  was  used,  consisting  of  75  per  cent,  of  glucose  and 
2o  per  cent,  of  maltose,  the  concentration  of  the  total  sugar 
being  as  before  40  per  cent.,  the  same  equilibrium  point  was 
reached,  the  digestion  being  continued  56  days. 

With  a  smaller  percentage  of  sugars  in  the  digesting  liquid 
the  equilibrium  point  was  not  the  same.  Using  a  20  per  cent. 
concentration  Hill  found  that  on  the  concUision  of  the  experi- 
ment 90"5  per  cent,  of  the  total  sugar  was  glucose  and  9o  per 
cent,  maltose ;  with  a  10  per  cent,  coucentration  the  equilibrium 
point  was  rcat-hed  when  the  proportion  of  glucose  to  maltose 
was  94'5  :  5'5.  In  more  dilute  solutions  the  transformation  of 
glucose  was  still  less^ — with  4  per  cent,  coucantration  the 
ratio  became  98  :  2,  and  with  2  per  cent.  09  :  1.  Hill  found 
therefore  that  with  very  dilute  solutions  of  mattuse  hydrolysis 
to  glucose  by  the  enzyme  was  almost  complete :  with  a  con- 
centration of  20  per  cent,  a  reverse  action  could  be  detected 
which  was  well  marked  when  the  concentration  was  40  per  cent. 

These  experiments  of  Croft  Hill  atiTord  considerable  support 
to  the  view  that  the  action  of  glucase  is  a  chemical  one,  and 
thai  the  transformations  which  it  elfccts  do  not  differ  in  any 
essential  feature  from  ordinary  chemical  changes. 

The  action  of  other  enzymes  needs  investigation  from  this 
point  of  view.  The  decomposilious  which  many  of  them  set  up 
are  more  complex  than  those  just  described.    The  hydrolysis 
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eff()ct«<i  by  diastase  for  instance  we  have  »ecn  is  progressive  and 
not  t:(inipIeto  in  one  operatiun.  dcxtrins  of  different  degrees 
of  cninplcxit)'  making  their  appearance  simultaneously  with 
mall(W),  as  the  starch  molecule  is  gradually  broken  down. 
Trvjwiri  also  does  not  effect  the  conversion  of  proteid  into 
pepioue  and  amides  by  a  single  operation  but  by  a  succeaaion 
uf  hUigcs,  each  characterised  by  the  appearance  of  definite 
intermediate  IxwlieH.  The  complexity  of  the  decompositions 
in  tbi^se  cases,  however,  does  not  negative  the  idea  that  the 
course  of  action  is  the  same  as  in  the  case  alread}*  examined. 

Fischer's  hypothesis  of  the  depoudence  of  the  action  upon 
the  configuration  of  the  enzymes  may  throw  some  light  upon 
tht'ir  destruction  by  heat  It  has  generally  been  considered 
that  they  are  entirely  broken  up,  possibly  by  hydrolysis,  at  the 
toinperaliire  which  we  have  called  their  maxinmrn  point.  This 
view  is  aup|x>rted  by  the  observation  that  when  perfectly  free 
from  water  they  may  be  heated  to  a  much  higher  point  without 
dostruction.  Pavy  has  shown  that  this  is  the  case  when  the 
water  i(t  removed  by  alcuhul  instead  of  by  desiccation.  He 
found  liver  dinstAse  active  after  being  boiled  in  absolute  alcohol 
Tho  process  appears  thus  as  if  it  might  be  due  to  hydiolysia, 
On  the  other  hand  it  mar  be  that  the  heating  causes  only  soefa 
a  change  in  their  configuration  as  to  cause  their  molecules  no 
longer  to  corraapood  to  those  of  the  bodies  they  deoofnpos& 
TuoBMim  htu  aliowu  that  an  enzyme  toaea  ita  adiTitr  at  a  low 
iMBpeimtan,  tinugh  much  more  slowly  than  at  a  high  one. 
As  the  tenpeimtare  at  which  it  is  kept  is  raised  it  sbowa  a 
gnatar  praBOBOB  to  become  inaotiTe.  Tliia  is  oouMlent  with 
tba  view  tltak  tbeir  ao-oalled  tkeonpoatioci  ia  only  a  efaaoge  in 
fiMiBginatiotk 

We  arv  annijaiwl  with  Hawmiaii  caaes  in  wkich  amply 
h««iiiig  an  ufHifJIy  aetiTe  anfastaam  ehaages  iia  uiufigmatiioa. 
We  ttu^  lentil  tsptndfy  the  ohaainal  *i|Miiit  of  Jiiqg- 
ttessoh  ia  which  etdiaaiT  taitaric  add  is  lisaiiftaiaul  fay  this 
■Mann  into  taecnuc  acid,  which  is  optieaily  iimmiiiL  Many 
other  witnncuji.  «f  th»  yhtiiuMm  aie  to  ha  Be«  with  in 
FtehvrV  i«aaanh»  •■  tha  a^^  serwn. 


BIBLIOGRAPHY. 


Thk  following  lint,  though  not  exfaanstiTe,  will  be  found  to  iDclode  the 
more  important  works  that  have  a  bearing  upon  the  subject  matter  or  this 
book,  llie  figures  in  brBckets  after  the  oamoa  of  Authors  refer  to  the 
pages  on  which  particular  reference  is  made  to  the  papers  iikdicated. 

Abxlol's  et   Bujt>'fo  (310).     Sur  le   pouvoir  oxidant  du  sang  et  des 

orgauea.     Compt.  Hend.  dt  ia  So€,  BioL  S.  I.  1  (1894).  636,  799. 
Abklocb   et    Hkim  (44,   117,   166^     Note  but  TexisteDoe  de  ferments 

digefltlfe   dans  les   ceofs   de   Crustaceee.     Compt.   Rertd.  Soc  Biol, 

a  IS.  3  (1892).  27a 
Aloock,   Wim  (178X    The  digestive    proceosea   of  Anunoccetea.      Proe, 

Camb.  Pka.  Soe.  7  (Ib91).  252. 
Arthlb,  J.  C.  (93).     Tbe  movement  of  protoplasm  in  comocytic  faTpfaie, 

AnMi*  of  Botany  II  (1807).  &01. 
A&THD8  (SOB).     Glycolj'se  dans  le  taog  ot  ferment  glyoolytique.     ArtK 

de  Physiol.  (6)  3  (1691).  425. 
Abtrus  (306).    aiycolyse  dans  le  sang.    CompU  Bend.  114  (189S).  60S. 
Ajitbub  (260).     Fibrinog^DO  et  Fibrine.     CompL  Bend.  Soe.  Biol.  S.  z.  1 

(1894).  30a 
Abthcs  ct  HuBER.     Fermentations  vitalea  et  Ainnciitatioas  chimiquos. 

Compt,  Bend.  116  (1892).  839. 
Akthub  et  PAokH.     Rccberches  aur  Taction  du  lab  et  la  coagulation  du 

loit.     Arch.  He  P/tynoioffie  [b)  2  {1690).  33b. 
Arthus  ct  pAutei  (2fl5).     Souvelle  th<Jorie  chimique  de  la  coagulation  du 

sang.     ArcA.  de  pAysioi.  norm,  et  paOi,  (5)  2  (ItiSO).  739. 
AiLTflDS,  M.   (432).     Nature  des  EnjQTnea.     Thiae  pow  U  Doctoral  m. 

MAiecine.     Paris  1880. 
AsTACHEWHKT  (67).     Roactioi)  d«i  Porotisspetchels  beim  geeunden  Mm- 

schen.     Centr.f.  d  med.  Witsenach.  16  {UIS).  257. 
AsTiER  (4,  414).     Expf^rieocce  f&iten  hut  1b  sirop  ot  lo  sucro  de  raisin. 

Ann.  de  Chimie  t.  Lixxvii.  (1813).  271. 
Atkinhon  (113,  324).     Note  on  the  action  of  the  new  diaatase  Eurotin  on 

starch.     Chemical  Newt  1880.  1C9. 


4M 


BTBUOGRAPHT. 


Babver,  a.     Ueber  die  Wasaerentxiehimg  und  ihre  Bedoutimg  fUr    __ 

PdaiizeulebeD  uiid  die  Uahniog.    lier.  ti.  devt,  chftn.  OeseU.  (1870).  4( 

alao  Joum.  Chtm,  Sac.  Traits.  (18711.  331. 
Baqinbky  (244).    Uebcr  doH  Ynrkomnion  tind  Verhulten  einigor  Fmnente. 

ZeU.  phyaiot.  Chem.  7  (1882).  209. 
BAUATncTzicv  (16,  03,  67,  390).     Die  atiirkeumbildenden  Fonuente.    1878. 
Bahr  (136).     MelibiAM.     CAem.  Zeit.  (1895).  Id.     1873. 
Babth.    Zur  Kciintiu&s  dos  lurertins.    B«r,  d.  dna,  ehem.  Osa^/.   XL 

(1878).  474. 
De  Bar?.     Ucbcr  die  Myxonijcetcn.     Bot.  Zeil.  16  (18A8).  3C7  et  wq. 
De  Bari  (98).    Sur  U  fornwntation  de  la  oolluloec.     BulL  Soe.  Bot.  de 

/Vatuw  36(1879),  25. 
Dk  Bary  (68).     Ve\xr  eiiiige  Sclerotinien  und  ScIemtien-KrankbeitesL 

BoL  Zeit.  1886.  377  ct  aeq. 
De  Bart.     Lectures  on  Bacteria.     Eng.  Trans.    Ozfurd  1887. 
BAUmft.    Ueber  einc  aua  Ai^pfolpektin  entsteheiide  Zuck«mrt     Lcmdw. 

Vtiwchntat,  43.  191. 
BfCHAUP.    Sur  I'acide  ac«^qu«  eC  lea  acddea  graa  volatils  de  la  fbrmeo- 

tatioD  alcoolique.    Compt.  Reiul  &6  (1863).  869.  1066,  1231. 
BioaAMi*.    Sur  la  femientatioa  aloooliqua     Comjat  Btud.  &7  (1863).  674. 
BtnT^Mp  (107).    Sur  dos  noureaox  fermenta  soluUea.    CompL  Rmd.  59 

(1864).  496. 
BicBAJtP.     RedieTT:hes  sur  la  throne  pbjsiologique  de  la  femwDtatkn 

alooolique  par  la  lerure  de  bt&r«.     Compt,  fUnd,  76  (1872).  1036. 
BicHAKP.    Mem.  AeadMit  Sntmcn  SB,  S69.  347,  352. 
B^uahp.    Exieta-t^tl  nne  digestion  eans  fenuenta  digestifB  dee  matitra 

albuniinoldeB  t     Comtpt.  Rmd.  116  O^M).  1157. 
BuEDlBBKT.    Uefaor  die  Awadkeiduiig  der  Verdaoupgafeniieote  ana  don 

OtfaaSBDHoa  bat  gaanndeD  und  kranken  Menwchwi.     rKra4oii^«  Arekm 

ISl   (1890).  65i. 

Benjamin.    Beitrage  for  Lehre  roo  der  lAfageruurang.     VmAot^t  Ankm 

145  (1886).  aa 

BnxABD,  Qaod.    De  rMJiiintfiiwi  dn  sacra  de  eaaneL    Mem.  Soc,  BioL 

Pkria  I849L  114. 
BnucABik,  Claiid  (pO).    Badnenkm  mar  las  oa^ea  da  me  psDcr^Atiqiaa 

(ka»  la  dicertisa.    Cm^  Mmd.nOHB(y»n. 
BuiNABD,  ClMd  (9X    Oitii{aB  eiii^iiMwilale  nv  le  "*^''»*^— *  de  la 

tesiMtiattdnswndaaalBiBM.    OamfL  Umd.  6&  {\tm).  i\9. 
Samxu^CkmL    i<t«—  — r  >—  fh(%ii—?iim  de  la  Tjfc,    Paris  1878-9L 
BnsASB^  Ond  (»).     Ia  ft— aalrtimi  alaoafifoa.     Ooarfaribnbed  \j 

Batkilnt  to  Am.  Stmmtifi^ut,  J^  SO^  187^  pigs  49l 
Btttmar  (C;  I06>.    Bmr  la  tttnmMim  gfciUBsiiM  da  lag  de  cMae. 

O^A.  Jks^  fiO  OSS0>- SHL 
BnmuA  (3S9X    Sv  k  btai  de  rartn  k  kqw.    Cbi^  Semd.  118 

08MX1UV 


I 


BIBHOORAPHT. 


441 


Bebtiund  (292).     Recherches  aur  1e  latex  de  I'&rbrc  &  laque  du  Tonkin. 

fiwi/.  Soc.  CAim,  (3)  (1894).  U,  717. 
Bertrakd  (293).    Sur  la  laccaae  et  tnir  le  pouvoir  oxTdant  de  oette 

diastase.     Compt.  RmiL  ISO  (1695).  SOB. 
BcBTBAKD  (293,  294).    Sur  U  rcdierche  et  la  prdaenoo  de  la  laccaae  dans 

lea  rfig<!taux.     Compt.  Rend.  121  (1895).  166. 
BxRTRAXo  (299).    Sur  tine  oourelle  oxydase  ou  Fermeut  soluble  oxydant^ 

d'origine  v^g^tale.     5u/A  d«  ia  Soc  Cftim.  (3)  xv.  (lft9G).  79a 
Behtrand  (293).    Sur  lee  rapports  qui   exUtcnt  cntre  la  constitution 

chimiquo  dos  composdi  organjques,  et  leur  oxidabUiU^  sous  I'influcnce 

de  la  loocase.     Compt.  /tend.  122  (1896).  1132. 
BtanUND  {293,  300).    Sur  la  prOseuce  aimultan^  de  la  laocase  et  de 

la  tfrosiDaae  dons  le  sue  de  quelqucs  champiguuiw.     Compt.  Rend. 

123  (1896).  463. 
Bertrakd  (294).    Sur  I'intcrventiun  du  niangan^  dana  lea  oxydattoDS 

provoqu^es  jjar  la  laccaee.     Compt,  RtnuJ.  124  (1897).  1032. 
Brrtras^d  (295).     Sur  I'oction   oxTdante  des  seAa  mangoneux  et  sur  la 

(xnutitutioD  cbimiquo  dos  oxydanefi.     Comjjt.  Rend,  124  (1697).  1355. 
BcaTRaKD  et  Mall^vrb  (271  et  neq.).     Reeherckeft  sur  ta  Poctaae  et  sur 

la  formentation  pectique.    Moroft  Journ.  dc  Botanique  8  (1894).  340. 
Bebtraxb  et  MallJevre  (S71  et  aeq.).     Sur  la  {tectnae  et  aiur  la  fermenta- 
tion pectique.     Compt.  Rend,  119  (1894).  1012. 
Bertrand    et  MALLfevKK.     Nouvelles   recliercheH   sur  la  itectase  et  la 

Tcnnentation  pectique.     Compt.  Rend.  120  (1895).  110. 
Bkbtraxo  et  MalUevrb  (275).    Sur  la  difliiaion  de  la  Pcctaso  dana  lo 

r(gne  r^gtHal  et  sur  la  pnJparation  de  cette  diastase.     Morofs  Jaujti, 

de  Botani'fue  10  (1396).  37. 
Bbbthand  et  MALLtevBE  (275).     Sur  la  diffiision  de  la  [lectoae  dans  le 

r6gTie  v4;t^tal,  et  sur  U  preparation  de  cette  diastase.     Compt.  Rend, 

121  (1895).  726. 
Bkyerinck.     Recherchee  stir  la  contagiosity^  de  la  malftdie  de  gonime  ches 

les  plantea.     Arckivca  ^iferUtndaita  19  (1884).  43. 
Beterinck  (138).     Die  Lactaae,  ein  neues  Enzym.     Cent.  /.  Ract,  1890. 

Bd.  6.44. 
Bkyxrinck.     Sur  1' Aliment  photog6ne  et  rn-limeiit  pbiatiquc  dcs  Baut^ries 

lumineusatj.      Archie  yAtrlaiuiau  24  (18Q1).  369. 
Beterinck.    IJebcr  Nachweis  und  Verbeitung  der  Olucooe,  dan  Knzym  der 

Maltose.     Cent./.  Bad.  1896.  ll.  Abth.  Bd.  I.  229,  265,  329. 
Beterincr.      Ueber    die    Arten    der    EB»igbakt«rien.      CeH4,  /.    Baku 

a.  Abt  1898.  209. 
Biaj.  (34,  126).     Ueber  die  diAstatische  Wirkung  dee  Blut-  und  Lymph- 

aeruma.     PJlUyer't  An-hiv  52  (1892).  137. 
BiaL  (34,  126).     Weitere  Beoliachtungen  Ubor  daa  diaatatischc  Fcmient 

dee  Blutea.     PJfUget's  Arckiv  53  (1893).  16«. 
Bull   (41X     Uobcr   die    Beaiebungen    doa  dinsbatiacbcn    Fcrmonten  doa 


442 


BIBLrOORAPHT. 


Blutea  und  der  Lymphe  zur  Zuckorbilduog  in  der  Leber.     PflS^k 

.lrcAir65(1694).  434. 
BiKRKACRl.     Da»  Verhjklten  dor  VerdAuunguenzTiQe  bei  Temperatunir 

hShungcn.     Zett.  Biot.  28  (1891).  49. 
BioSDL    Bedtr^  zur  Lebre  der  roniiuutativeti  Prosease  in  den  OrgMMPi 

Virchovft  Archir.  144  (IfiyC).  373. 
BocHM  (344).     .Vi'£ift«-.  d.  k.  Akad.  d.   Wiu.  in  Wisn  71  (I87fi). 
BoEHH.    Ueber  Stiirkobilduug  aus  Zacker.    Bot  Zeit.  1SB3.  33,  49. 
B6VBR.     Zm't.  Analyt.  Chem.  I8ft5.  562. 

BoKOEKY  (318),     AUg.  Bntiwr  und  Uopfm  Zeit.  36  (1886).  1573,  15W. 
BuNDONNCAU.     Deitriiic  pure  du  malt     Bull.  Soc  CA«m.  83  (1875).  98, 
BoNDONNEAD.     Du  U  Hucclian ticAtiuti  deti  inaU6ree  UD;lao6e8.    BtUL  S 

CAim.  de  ParU  25  (1876).  2  mid  Compt.  RmtL  61  (1875).  972.  13ia 
BuucHAitDAT  et  Sasukas  (16,  33).     Dcfl  fonctions  du  poncr^  et  de  aoo 

influence  dons  la  digestion  dcs  f^culcnto.    Compt.  Rmd,  SO  (1&4&).  1060. 
BoucHCT  (209).    Sur  uxx  femiont  dJgeHtif  contenu  dans  le  sue  de  figukr. 

C*mipl.  Itend,  91  (1880).  e7. 
BonFFABD  (301).    Sur  U  cossage  dea  vios.     Compt.  Rend.  118  (18&4).  827. 
BoDFPARD  (303).     Obaen'ntiutiH  hut  quelqucH  prrjprMt^  de  I'oxjdaae  i 

Vina.     Compt.  Jtend,  124  (1897).  706. 
BouFKARU  ct  Semicuon  (307).    Contribution  It  I'^tudo  de  I'oKydaae 

rauiina.     Compt.  Rend.  126  (1898).  423. 
BoORQDELOT  (179,  286).     RechercheN  nor  lee  pMnotntoca  de  U  digeotioo 

chee  lea  mollusques  c^halopodea.     Tki»t  pour  U  Doctoral  h  Smnen,^ 

Paris  1884. 
BoiTBq0Ei.oT.     Recherchee  sur  lea  proprifSU^B  phyBiologiqneB  du 

Joum.  de  PAnat.  ft  d<i  la  Physiol.  188a  193. 
BouRQCELOT.     IjBs  feniientAtlunH.     Paris  1893. 
BuuiiQURLOT    (131).     Bur   uii    furment    wilublo   nouvoAu   dtSdoublant  lo. 

tnibalnso  en  glucosa     Compt.  Rend.   116  (1893).  826. 
BouRfjDKLUT  (81).    Inulase  ot  fenuentation  alcoolique  indiiecte  de  riuulina.  ] 

Cotnpt.  Hmid.  110  (1693).  1143. 
BoUKUUELuT  (145).     Prdsence  d'un  ferment  analogue  &  I'^ulsine  dani  la 

champigTKtiiB.     Compt.  Rxnd  147  (1B92X  383  and  BttlL  Soc.  MgcoL  it 

Frajiee  x.  1*  fesc.  (1894).  49. 
BocBQDELOT    (81].      InuIaM    et    fermentation    alcoolique    indiraote   de 

VinoUne.    Compt.  Rend.  So&.  Biol.  S.  tx.  5  (1693).  481. 
BoCBQU£U>T  (131).    Traill  fonnattou  du  Tnibaloeo  eii  glucoae  dans  let 

chaupignoiis  jiar  un  ferment  »oIut)le  :  la  trdbalasey     ButL  de  la  Sot, 

Mycol  de  France  T.  ix.  3'  fttsu.  (1893).  189. 
BouRijt'Euxr  (23,79,  U5, 125, 131, 135, 145,215).    LesfBrmeQt«  aolubla^ 

YAsperffilliu  niger.    Bull,  de  la  Soc.  MycoL  de  fhmce  T.tx.  4?  fiua 

(1893).  230. 
BouRgt'BLOT    (124).     Maltaae   ot   fermentation   alooolique   dn    nultosa 

Joum,  de  Pharm.  et  de  Chim.  (C)  2  (1886).  97. 


• 


BIBLIOQRAPRT.  MS 

BouB^CEtOT.    Sur  la  cousommation  du  Maltotie  p&r  lea  dtres  Tivanti. 

Compt.  Rend.  Soe.  Hint.  S.  x.  2  (1895).  474. 
BouagOKLOT  (136).   Sur  niydrolyse  de  raffiuoae  (miilitoae)  par  Ice  fcrmenta 

aolubleH.    Joum.  pharm.  ei  chim,  6  ser.  3  (1896).  390. 
BoDBQaEi-oT  (158).    .Siir  \&  prince  daiiH  lo  Monoiropa  hypopythi*  d'lin 

glucoside  ct  sur  Ic  fcnuoiit  solublo  hjdroljsant  de  o«   gliicoaide. 

Compt.   Rend.    1S2  (18fl6).   1002  aud   Jonm.  de  pharm.  et   cAim.   3 

C1898)l  577. 
BOUBQDBLOT  (300).    Dos  compoR^s  Qxydables  houh  t'inSuence  du  ferment 

oxydaDt  des  champignons.     CompL  Rewl.  123  (1896).  310, 
BoDBtjL'ELOT  (300).    Action  du  ferment  soluble  oxydaut  dea  cbampignona 

aur  lea  yih6nvh  iiiaolublea  dana  I'eau.     CumpL  Rend.  123  (1896).  423. 
BoDHf^rELicyT.     Nuuvollea  rccbcrclica  »ur  le  ferment  oxy<buit  dcM  clinm- 

pignoiui  iL  ct  [II.    Son  Action  flur  \en  phenols  et  fiur  quGlqi]a.s  dfirirda 

6th6ris  dcH  phiSnola,    Joum.  de  p/uirm.  et  chim.  (G)  4  (1896).  241,  44a 
BotiBQCKLoT.      Ferments   solubles   oxydaiiU   et   mt^oaments.     Joum. 

pAarm.  et  chim.  (6)  4  (1896).  481. 
BontQCRLOT  (300).     Sur  la  presence  gent^rale  dana  lee  chatujii^ioru  d'uo 

ferment  uxydunt  agissaut  aur  la  tyruaina     BtUl.  de  hi  Soc  J/ycoi.  da 

/Vuiww  XIII.  (1897).  S*  fasc.  Cfi. 
BoURCjUKLOT  (Ml).     Sur  la  phyiilologle  du  geritianoHe  :  tton  dMoublemeufc 

jiar  left  fermontn  solublei.     Compt.  Rend,  126  (189Sj.  1045. 
BouoQCELOT  et  Bertraxd   (296).     La   laccasc  daus  les  champignons. 

Coa^t.  Jiend.  121  (IBflf.).  VH3. 
BoURQC'KLOT  et  Beriband  (297).    Sur  la  ooloration  des  tiwua  et  du  sue 

de  certains  champignoiu  au  contact  de  I'air.    Jaunt,  pharm.  et  cfunL 

6  3(1896).  177. 
BouRgi'EL.uT    et    Behtrakc    (296).      Lwi    fennents   oxydauts  dans  l68 

champignons.      JSull.   de   ta   .Soc   Mycoi.    d«    France    T.   XIL    1896L 

I*  faaa  Ifl. 
BouBQUiaoT  et  Bextrakd.    Sur  la  coloratiou  des  tissus  et  du  sue  de 

certains  cbampiguons  au  contact  de  Tair.     BuU.  de  la  Soc  Jlycol.  d$ 

France  T.  xrr.  1896.  1'  faac.  27. 
BoCH*iL-ELOT  ct  Olky  (127).     ActioD  du  s^rum  sangiiin  sur  la  matifere 

glycdg^ne  et  Hiir  le  [ii[Ut4>]te^     Soc.  de  tnoloffie  wSaiice  du  3D  mars  1895. 
BointguKLOT  ct  Gley  (134).    Digestiou  du  tr^baloae.    Campt.  Reiid.  So&, 

Biol.  S.  X.  2  (1896).  505. 
BoVRgucLOT   et    Qrat^iani   (US).     Sur  quelquos  points  relatira  jk  U 

physiologie   du    Pejiidfium    Dudauxi.     Bull,   de   la    Soc.    Myeol.   de 

France  T.  vm.  3'  fosc.   1891.  147. 
BoDBQUELOT  et  IIifRitMEY.    tiuT  \m  prDpH^tiW  de  rcmulsine  dee  cham- 
pignons.    Compt.  Rend.  ISl  (1695).  693. 
BoDRQUSLOT  et  H£ris»et  (23,  116,  134,  S15).    Les  fermeDta  solubles  de 

Potyporua  exdphureus.      Bull,  de  la  Soc,  Mycot.  de  France  T.  X.  4* 

fikso.  (1895).  235. 


444 


BTBLIOGRAPHT. 


BouRQVELOT  et  Hi^BissFT  (146).     ActioD  de  I'timuUine  dc  VAtpayiUmi 

niger  but  quelqiics  glucosides.     Du.lL  de  la  Soc.  Mycvl,  ch  fVamee 

T.  XI.  3'  faac  (1896).  199. 
BorBgrrRLQT  pt  Hi^rishkv  (137).     Siir  ITiydroIyne  du  ro^^Uise  par  1« 

fcmente  boItiIiIcjl     Joum.  pharm.  et  chim.  (6)  4  (1B96).  385. 
BouR*)DELoT  und  UiiRiflsEY  (137).     Ueber  die  H^-droIyse  der  Moleriloae 

durch  liislicho  Fermente.    Joum,  pharm.  et  chim.  (6)  4  (1896).  385 

aod  Chan.  Centr.  1R97.  I,  30. 
BoDRQUKLOT   et   H^aisaEY   (100).    Sur  TeiisteDoe,  dans  I'orge  gorm^ 

d'ari   feraieiit  Boluble,  agissant  but  U  pectiue.     CompL  Btnd.  127 

(1898).   191. 
BotTRQDELOT  ot   Nardin.    Sur  U  prdp&ratioD  de  Qooti&Dooe.     CitmftM 

Rmd.  136  <189aX  280. 
BoDsatKOAULT  (344).     BoiiMUiffauU  Afftonomit  t.  tn.  1 864. 
BoDTROx  ct  Freht.     Itecherches  sur  les  semenoes  de  moutArdas  noirea 

ot  bUuchos.     Compt.  Rend.  9  (1839),  SIT. 
BouTRON  et  Fremt.     Rochercbes  sur  la  fennentation  loctique.     Ajin.  de 

ehim.  etphifs.  (3)  t.  2  (1841).  257. 
BouTHOUX.     Sur  la  fermentation  panaire.     Compt.  Batd.  1 13  (1891).  203. 
Bbaconnot    (278).      Rwherches   aur   un  nouvel  acide   univoraellemont 

r(!|>aiidu  datu  tons  les  v^taux.     Ann.  de  chim.  et  phy*.  38  (1836). 

173. 
Braconnot.     Nourellea  obmrvaUona  sur  I'aoide  pectique.    Ann.  de  chim, 

ef^j/ji.  30(1825).  96. 
B&A8SB  (17).    Sur  la  prdftenoe  de  ramjlase  dans  lea  feuUles.     Compt. 

/tend.  99  (1884).  878. 
BniAi-DAT  (160,  307).     Sur  lu  mode  do  formatioa  de  I'lndlgo  dana  lea 

pTocM6s  d'extroction  induatriela.    Fonctions  diastaaiquea  dea  plaDtes 

indigofferea.     Compt,  Rend.  127  (1898).  769. 
Brefild  (328).     UeVjor  Oithrung.     Landmrtk.  Jahrhueh  v.  1876. 
Bbowk,  a.  J.    The  cbemicol  actiona  of  pure  cultivatjona  of  Bacterium 

aofti.    Joum.  Ch«m.  Soc.   Tram.  1896.  172. 
Browk,  jV.  J.     An  acetic  ferment  wblcb  forma  celluloae.    JovrK.  Chem. 

Soc.  Trans,  180G.  432. 
Brown,  IL  T.  (9G).    On  the  twutrch  for  a  cytolytic  enjzme  in  the  digestiTO 

tract  of  certaio  grain-feeding  animola.     Journ.  Chen.  Soc    IVant^ 

1892.  352. 
BnowN  and  E&coube  (29,  94).     Ou  the  depletion  of  the  eudoepenn  of 

HimJeuvi    cul^/arc   (luring   geniii nation.      Proc.    Roy.   Soc,    VoL    63 

(IHU8).  3. 
Brown  and  TIebos  (60).     Contributions  to  the  history  of  starch  and  it» 

tnuwfiirnwtiona.     Joum.  Chem,  Soc.  Trans.  1879.  096. 
Brown   and    Hrron'   (44,   123).     Some  obaorvalions  on  the  hydrolytic 

fermontM  of  Iho  paiicroiiH  and  small  inteatine.     Proe.  Roy.  Soc.  1880l 

393. 


BIBLIOGRAPHY. 


445 


Bbown  and  Moama  (^  68).    The  non-crystaUisable  products  of  the  action 

of  diaotaw  on  starch.    Jmtrn.  Chem.  Soc.  47  (188&).  5S7. 
Brown  aod  Morris  (51).    The  am^-Iodeitrin  of  W.  Niigeli  and  ita  relation 

to  soluble  starch.     Joum.  Chem.  Soc.  65  (lftB9).  449. 
Brown  and  SIokris  (18,  25,  71,  QZ,  a77,  390).    On  the  germination  of  noma 

of  the  Orainineac.     ,/aurru  Chem,  Soc.  Trant.  18iH}.  \bb. 
Brown  and  Morris.     On  the  analj»ia  uf  a  he«r  of  the  laat  oeutury. 

Tram.  Laboratory  Club  m.  4  Fob.  1690. 
Brows  and   Morris    (19,  AS,  69,   110,  404).      A   contribution  to  tho 

chemiatry  and  physiology  of  foliage  leaves.    Journ.  Chem.  Soc,  Trans. 

1893.  6U4. 
Brown  and  Mubris  (G3).     On  the  action  of  diaatAae  in  the  cold  on  storch- 

[MMte.     Journ.  Chem.  Soc  TVwm.  1896.  309. 
Brown  and  iloBRis  (fifi).     On  the  iaomaltose  of  C  J.  Lintnor    Journ. 

CAem.  Soc   Trans.   1895.  709. 
Brown,  Morrib  and  Millar.    Experimental  niethoda  employed  in  the 

detennination  of  the  products  of  st&rch-hydrolysi.s  by  diaataae.    Jmtm. 

Chem.  Soc.  Tram.  1897.  72. 
Brown,  .MoRRift  and  Millar.     Rolationa  of  apeeitio  rotatory  powers  and 

oupric-reduting   powers  of   atarcli-hydrolyais    by    diastase.      Journ. 

Ckcm.  Soc   Tram.   1897.   11  Ti. 
Crown  and  Pickkrino.     Tlieniml  phenomena  attending  tho  change  in 

rotatory  power  of  freshly  prepared  solutions  of  certain  carbohydrates. 

Journ.  Chem.  Soc  Trans.  1897.  758. 
Brown  and  Piccerino.     Thermoehemisti^  of  carbohydrate  hydrolysis. 

Journ.  Chem.  Soc.  Tram.  1897.  783. 
BbSckz.  WVffTi,  Acad.  Ber.  (3)  65.  126. 
Bracks  (7, 1 76,  403).    Beitrago  ziir  Lohrc  von  der  Verdauung.    Sitzunf/sber. 

d.  t.  Atad.  d.  WiM.  in  Wien  43  {1861).  601. 
Bbuntos,  Lauder,  and  MaoFapyen  (24,  31,  71,  217).    Tho  Ferment-action 

of  Bacteria.     Proc  Jioy.  Soc  46  (1889^  542. 
Buchanan  (250).    Contributiona  to  the  phyuiology  and  pathology  of  the 

Animal  Fluids.     London  Medical  Oazeite  16  (1835-6).  50. 
Buchanan   (251,   260).      On  the   coagulation  of   the   blood  and  other 

fibriniferouB  liquids.    London  Jfedteal  Oazette   I   (New  ser.    IS4fi). 

617. 
BucHNER,  E.  (336,  399).    Alooboliache  Gahrung  ohne  HofcKellen.    Ber.  d. 

dent,  chcfiu  OeeelL  30  (1897).  117  and  30  (1897).  1110. 
Bdchneb,  E.  (307).     UeborzellenfreieGtihning.    Ber.d.  deiU.  eheju.  0«mU. 

31  (1896).  568. 
BccHNER  und  Rapp.    Alcoholischo  Gahrung  ohne  Hefezcllen.     Ber.  d. 
deut.  chem.  Oet^l.  30  (1897).  2668;  31  (1896).  209,  1084,  1090.  1581; 
82  (1699).  127. 
BObosn,     Aaporgillua  Oryzae.     Ber.  d  deui.  bot.  OeaeU.  3.  (1880).  lxvz. 
BDTA1.IWI.    Ann.  di  chim,  «  difarmae,  (4)  T.  x.  1889,   207. 


44C 


BIBLIOGRAPHY. 


BrsoE.    TeitUook  of  Phywologicft]  and  Pathological  Chwniaitiy.    (EngUnb 

TranslutioD  by  Wooldridge.)    trntdtm^  1890. 
BusBEY  (147).     Note  aiir  la  formation  do  ITiuile  easentielle  Ac  moutarde. 

Compt.  Rend.  9  {ia39).  719. 

CAurts  (232).    Fomiatiuii  do  llpaac  par  le  PanicUtum  gfOMOm.    Omft. 

Head,  Sec,  Biol.  4a  (1897).  192. 
Camus  (232).    De  U  ]lpa.<4e  dAtts  lea  culturtw  d'AtperffitlMi  ni-^er.    Compt, 

Raui.  Soc.  liiot.  49  (1897).  230. 
CAze»Et  VB  (308).    Sur  le  ferment  soluble  oxydwit  do  U  casae  des  vina. 

Compt.  Rntd.  134  (1897).  400. 
OAzaciaVT*  (3Q4).    Sur  qiielquas  pmpri<H4s  du  ferment  do  la  caase  des 

Tins.     Compt.  Reiui.  124  (1897).  781. 
Cbevabtelon  (79).    CoDtributioii  k  I't^tude  des  hydretea  de  ctu-bon.    TMm 

p<?ur  le  Doetorat  i$  Setenoef.     Paris  1894. 
Chivahtelon  (79).    Sur  I'iniiline  de  Tail,  de  la  jacinthe,  de  rasphod&le  et 

de  la  tubereuse.     Joum.  Pharm.  (6)  2  (1895).  I,  83. 
Chittenden  (196,  219,  S44,  399).    On  the  |iroteolytic  action  of  BrDmeliii, 

the  fernjeDt  of  Pineapple  juice.    Joitni.  tf  PAynoi,  xv.  (1894).  S4B. 
Chittenden.    Human  S&Iiva.     Proe.  Amer.  PAyriot.  Soe.  1898.  3. 
Chittenden  and  Aheksian  (181,  194).    A  comparison  of  naturtt]  and 

artificial  gaatric  digestion.     Jouni.  of  PAystof.  xiv,  (1893).  483. 
CaiTTE?a>KN  aiid  Er.v  (66).     Irflmma*  nf  Peptones  and  certain  inor^aniu 

salts  on  the  diast&tic  action  of  Saliva.  Joum.  of  PUtfial.  ni.  (1880).  327. 
Chtttejidkn  and  Goodwin.     Myoain- Peptone.    Jovm.  of  PKywiot.  XB. 

(1691).  34. 
CHirrENpEN  and  Urihwold  (67).    Amer.  CA*m.  Jovm.  m.  (1681).  306. 
CHtrrENi>EN  and  Habtwell  (181).    The  relative  fonnation  of  jiroteoaea 

and  peptonee  in  ffastric  digeetton.     Jrntm.  of  I'kt/tioi  .ill.  (1891).  IS. 
CHrrrESTJEN  and  ^Ieara  (173).    A  study  of  the  primary  productareHuItJng 

from  the  acti<iu  of  HUperkeatod  water  uu   coagulated   cgg-aUiuniiu. 

Journ.  of  PAynol.  XT.  (1894).  601. 
CniTTENDEN  and  Meicdel  (171,  181).    Protoolysis  of  cryatallizcd  globulin. 

Jovm.  of  Pht/ginlog%f  .VVIl.  (1894).  46. 
CarrrsNDEN,    Me-spel   and    McDerwott.      PapeVn-Prwteolysia.      Jnwr. 

Journ.  Phytiologjf  (1898).  1,  255. 
C>HrrncNDEN  and  Pajnteh.    Casau  DigeetioD.    Stud.  Lab.  PAynoL  CA«m. 

YuU  Viiie.  2  (1887).  166. 
Chittenden  and  Suith.    On  the  primary  cleavage  products  fbrmod  In 

the  digestion  of  gluten-casein  of  wheat  by  pepsin-hydrochloiric  aoid. 

Journ,  of  PAysioioyy  ix.  (1890).  410. 
CoiTTEifDEK  and  SoLLCT  (182).    The  primary  cleavage  products  formed  In 

the  digestion  of  gelatin.    Journal  of  Physiofogy  xit.  (1891).  33<. 
CoHK.      Zur    Kenntniw^    den    bei  der   Patiureaaverdauung   ectBteheodei)  i 

Leucina.    B«r.  d.  dmtt,  cAwt.  Oeaeil.  27  (1894).  2727. 


BIBLIOGRAPHY. 


447 


Corn.     Zur  Kctmtotsa  de»  bei  PuiicreaiiverdAiiiuig  eatsteheadea  Loucins. 

Zeit.  /.  phytioi.  Chevu  20  (189rj).  2<i3. 
CoHXHUiH  (45).     Ziir  Koniitiii88  dcr  zuckorbildciiden  Forinciitw:     VircKovf* 

Archiv  2»  (IS63).  241. 
CoHN9r£iN  iind  Micha-elis  (222).    Ueber  die  Vcriindeniug  der  Chyluafette 

im  Bluta.     P/lUffv't  Archiv  e5  (18(37)  473. 
Cons    (247).      IsoUrung   eines    Lab-Fermeut<«    ous    Baktcrieiikulturcii. 

Cmxir.f.  Baku  18  (1R92).  323. 
CouHSfONT  et   DoYON.      La  sulmtance  toxique  qni  eogondre  le  tdtonoe 

r^ulte  de  I'Action.  aur  Voi^uismo  rccept«ur,  d'un  fenncDt  noIuUe 

fabriqu^  par  le  bacJlle  de  Nioolaiar.     CompC.  Reini.  110  (1A!).1).  r>93. 
CrswiR.     Ualior  dio  UmU^^crutigon  dor  Zuckorartcn  uulor  dom  KiuHiUHe 

von  Ferment  und  Zelk\    Zcit.  Biol.  31  (1895).  183. 
Citow  oud  Beta:;  (33,  100).    Celluloee.     Londoa  1896. 
CcBONi.     Kechercbes  sur  la  foroiation  de  i'amidou  datu  les  feuilles  do  la 

vigDct     ArcL  ItaL  de  BioL  7  (1S88).  209. 
CuisixiER   (136).      Siir  one  nouvello  mati^re  «ticrto  diAstasique  ot  aa 

fkbricacioa     Jfoitit.  gcisnlif.  1886.  7ia 


Daooouo  aiid  Touuahi  (210).     On  a  protoolTtic  ferment   in   Anagallig 

arvetnia.     Rev.  de  Therap.  59,  470. 
DaNU.ewhKI   (184).     Ueber  njjecilwcb  wirkende  KOrpor  dos  naturlichen 

und  kUnntlicbeii  {ttuictoa^acben  Baflcii.    l'irc-Aotr'«^rc/atrS&(1862).  279. 
La  Daxtkc.     Rocberohes  sur  la  digotttion  intracellukiro  chfis  lea  Fruto- 

KNureB.     1*  et  2*  partiee.    Ann.  de  Cljut.  Pasteur  4  (1890).  776  and  5 

(1891).  163. 
Dahwin  (214).     Insectivoroiu  plants.     London  1888l 
Dabtre  (403).      Solubility  ot  acti\-it4^  dett  fvrtnenUi  solubles,  en  liquenn 

Alcik>lique(t.     Compl.  Rend.  121  (18%).  S9U  and  Bull.  <le  tAtxid.  d«t 

Sciewe*  24  (1695).  699. 
Dabtbb  (35).     Recherobes  sur  la  glycogkie  de  la  l^niphe.     Compt.  Hend. 

Soc  Biol.  S.  X.  S  (ISOfi).  243. 
DAflVRB  et  BouitqusLOT  (1S2).     De  rasoinaUation  du  maltoea     Compt, 

Bmd.  98  (1884).  1601 
Dabtre  et  Florksco  (183).     Liquefaction  de  la  gt^ktine,     Digeetion  saline 

de  ta  gelatine.     Compt.  Bend.  12t  (1885^  615. 
DAffTBB  et  FLORsaoo  (S&7).     Contribution  k  I'^^tude  du  ferment  coagulo- 

teur  du  sang.     Compt  Hmid.  124  (1897).  94. 
Datis  (303).     Papain,     rharmnrmttical  Joumai  3  aer.  24  (1893-4).  207. 
UA\nr,  E.  (353).    On  some  combinations  of  Platinum.     PhU,  Trane.  Rot/, 

.SiK.  182a  108. 
DBJ4ifi  (349).     Mt^moire  sur  Ic  sang.     1669. 

DncaAMPs  (236).    Dingltre  PoiyteeAHieoAe*  Journal  1840.  Na  78  p,  446. 
PwHAgrfaEB  (4).    Becbcrches  raicroeoopiquee  et  physiologiquos  sur  le 

genre  Sfyoodenna.     Ann.  d«$  Scmum  NaturtUt*  L  x.  4  (18ST).  4. 


448 


BIBLIOaitAPHT, 


DxTUKR  (326).    Verglciuhende  Pbysiologie  des  KeimungHprooeaus  der 

SADaen.     Jona  1880. 
Detuhr.    Ueber  Ferment bildung  und  fermentative  Prozesae.     Jenn  1884. 
DiOKiMaoN  (263.  S68).    Nute  on  lueuh  extract  and  ite  iwtioQ  oo  blood. 

Jtmmal  t>/  Phxfstoioyy  Xi.  (1890).  G66. 
DoNATH  (109).    Uobcr  den  invertirendon  BostAndthoil  dor  Hefo.    jBw.  d 

dcut.  ckcm.  a«s«U.  8  (1875).  790. 
Dorr.    The  digestive  action  of  papAin  and  pepain  compared.    Pharv\. 

Joum,  Bor.  3  24  (1893-4).  758. 
DcBuie,  R.  (SI  I).    Sur  Ic  pn5tciidu  pouvoir  digoatif  du  liquido  de  I'nme 

dtis  NVi>eiithes.     Compt.  Rend.  Ill  (1890).  315. 
DuiiouRfi  (ISA).     K«chcrcliCH  uur  Tamjltuiu  do  runnoi.     Thiac  pour  U 

Doctorat  h  Sciences.     Paris  1889. 
DuBRUNFACT.    Mdmoirc  aur  !a  saccharificaUon.    SocUt^  (TaffricjUturf  dt 

Paru.     1823. 
DuuBUNFACT  (6,  19^     Uobcr  Vcrvandlung  des  Std:rlcemehlB  in  backer 

durch  Mal^i.     £rdm.  Joum.  T«c/i.  Chcm.  ix.  156. 
DuRRUKFAL'T.    Note  aur  quelque^  pli^noni^ies  mtAloiraa  et  aur  quedqu«a 

proprii5t<!6  dca  suorcs.     Compt.  Jimd.  23  (1846).  40. 
DuuKUNfAUT.    Nute  sur  la  cbaleur  et  le  trav&i]  m^anique  |HX>duJts  par  U 

fermentation  \TDe\i8e.    Compt.  Jiend.  42  (1856).  945. 
DfcuAUX  (115).     Chimic  btologique.     Paris  1883. 
DuctJLDX.     TAiset  pr^^muks  d  la/acult/  des  tdencet.    Paris  1B65. 
Di'CLAUZ.    Sur  la  saccharificatioD.    Ann.  de  ritutittU  Pastew  1696.  58, 

170. 
DuDDSSiDtiE.    The  manufacture  of  Pepsin  and  determination  of  its  pro- 

tet)ljrt.ic  iiower.     Phann.  Joun.  3  ser.  23  (1892-3).  688. 
DuHAB.    Reohcrchca  sur  la  fcruicut&tiim  alcoolique;.    Ann,  de  ckim.  et 

phy».  6'  sor.  ts  3  (1874).  57. 


1 


Ebstbin  und  GrOtzncr.     Ueber  Pepainbildung  Im  Magen.     Pjtiiffer's 

Archiv  8  (1874).  122. 
Edelberu  (260).     Ueljer  die  Wirkungen  dea  Fibriufermeiites  im  Organis- 

mua.     ArcA.  J.  exper.  Path.  w.  Pharmacol.  12  (1880).  283, 
EDKIN&    The  changes  produced  in  caeedn  by  tbo  action  of  pancreatic  and 

rennet  extracts.    Jounu  of  Pktfsiologtf  .\ii.  (1891).  193. 
Eduunds  (236).      Note   on   Hennet  and  on  the  Coagulation  of  Uilk. 

./owm.  ofPhyriology  iix.  (1896).  466. 
Effront  (64).    Sur  des  conditions  chimiques  de  I'action  dea  diwrtowa 

Compi.  Rend.  115  (1892).  1324. 
Effront.     Sur  la  fiimiation  do  Vocide  suociuique  et  de  la  glycine  dont 

la  fermentation  alcoolique.  Compt.  Hend.  119  (1894).  169. 
Effbont  (65).  Sur  ramylaae.  Compt.  Hend.  120  (1895).  1281. 
Epfrokt.    Sur  un  nouvel  hydrate  de  carbone,  la  caroubine.    CompL  Rend, 

126  (1897).  38. 


« 


BIBUOORAPHY. 


449 


Efthost  (101).    Sur  nno  nouvclle  enzyme  hydrolytique  "Ia  caroubiiiufle." 

Compt.  Rend.  125  (1897).  116. 
Epfbont.     Sur  la  caroubinoea     ComfA.  R«nd.  125  (1897).  309. 
Effbokt  (307).    Action  de  Voiygfeiie  sur  la  levure  de  bifere.    Compt.  Rend. 

127  (1898).  32G. 
Effront.     IjG*t  tJtizyrniw  Hi  leuw  apjiliiaitiiiiiK.     Paris  1899. 
Elp^tno.     Stvulieii  iilfcr  die  Pdllcnkunior  der  Aiigiospermcn.    Jenaitche 

Zext.  13  (1879). 
£uHSRLi>'0  (327).    Butjlalcoholischo  Gabrung.    Ber.  d.  dmU.  ehem.  QtMU. 

30(1R97).  461. 
EkgeijianK  (190).     Hermann'e  Handbuch  d.  Phytioloffte, 
Etzinger  (182).     Ueber  die  Verdaulichkoit  der  leimgcbcndou  Gewobe. 

Zet't.  f.  Bwloijie  lid.    X.  92. 
£t£S,  Mias  (39,  61).    Some  experiments  on  the  liver  fomieni    Jxmnx.  of 

Phyaiologjf  v.  (1884).  342. 
EwiLD  (183).     Versucho  iiber  die  Wirksamkeit  kilnatlicher  Vordaniu^- 

Praparate,     Zeittch.f.  klin.  Med.  I.  (1880).  231. 


Fabroni  (3).     Memoirs  sur  lea  fermentatiooB  pr&ient^  k  I'Acad^mio  de 

Florenc*  1787. 
Fako.    I)as  Verhalten  des  PeptoDS  und  Tryptons  g^en  Elut  and  Lymphe. 

Dk  Bois-Heymoiu€»  Arrh.  Pk^xioL  1881.  277. 
PEaui  f217,  218).    Wcitero  Uiitcrauchungen  Uber  die  tryptischen  EaiEyme 

der  Mikroorganismon.     Cent.  f.  Bad.  1891.  Bd.  10.  401. 
Fi!K)[i.     Beitrag  xum  Studium  dor  von  deu  Mikroorgauiamen  abgoson- 

derten  diaHtatiachen  und  Inveraiotiafermcute.    Cmt.  f.  Bad.  189S. 

Bd.  XII.  714. 
Fermi  und  Mo^'TBSAJ(0.    Ueber  die  Dekomposition  des  Amygdalins  durch 

Mikroor^anismen.     C«nt. /.  B^tki.  15  (1894).  722. 
Febui  und  Pkrnossl    Ueber  die  Enzyme.     Cmtr.  f.  Bad.  1894.  Bd.  113. 

229. 
Fermbacb  (115).     RocberchcM  hut  la  sucrase^  diaBtoao  invcntivo  du  sucre 

de  eanne.     Th^*e  pour  le  Doctomi  h  SciencM.     Paris  1890. 
Fernbach.     Sur  le  dosage  de  laHUcraae.     Ann.  de  Vliut.  Ptuteur  3  (1880). 

473,  531  ;  4  (1890J.  I. 
Feknoacu.    Sur  rinvortino  ou  sucraae  de  la  levure.     Ann.  de  P/iut. 

Ptuteur  4  (1890).  (!4l. 
FiCK.     Ueber  die  Wirkniigwut  der  Qennnuitgafermento.     J^iiger's  Arch. 

45(1889).  293. 
FiaCBKR,    E.      Synthetua   einer  neuen   Olucobiooa.      Ber.   d.   deut.    oKem. 

Geteli.  23  (1890)    3689. 
FiscHEn,  E.  (130,  139,  427).     Einfluss  der  Coniiguration  auf  die  Wirkuog 

der  Enzyme.     Ber.  d.  deut.  chem.  Gesdl.  27  (1894).  S985,  3479  and  S8 

(1896).  1429. 
FUOHKB.    SpaltuDg  von  Trehalose.    Ber.  d.  devt.  chem.  Oaell.  (1896).  1433. 

a.  r.  29 


450 


BiBLrooRAPfrr. 


FtscHEB,  E.     Ueber  die  Isomaltoso.     Ber.  d.  deut.  ekem.  Gndl.  28  (1805). 

3024. 
FiucHKa  imd  Limdner  (129,  136).     Uebcp  die  Enzyme  von  SckiathSae- 

aharomycet  odttrponu  und  S.  Jfarxt'anus.     Btr.  d.  dmt.  chtfiL  OeteU. 

28  Cia95).  9M. 
FjBCHER  unci   Lindner  (IIG,   136).     Ucber  dio  Enzyme  «fniger  Hefon. 

Btr.  d.  devti.  cAem,  Oetetl.  28  (1S95;.  3034. 
Fischer    uad     Lindnkr.      Vorbalt4m    dcr    Eaiyme    gegen    Melitntwe, 

Rol^rzucker  und   Maltose.      Ber.  d.  deut.  tAem,   Geadt.  28   (1895). 

303d. 
Fischer  und  Niehei.  (134,  135,  138).    Ueber  dfts  Verhalten  der  Polyeac- 

chnride  gegea  eiuigc  thierische  Sekreto  uud  Orgaue.     Ch«m.   Cenlr.  ^^ 

1896.  1,  4!)9.  fl 

FiTB  (32S).    On  JfvMT  raeemotua  and  alcoholic  fbrmentAtion.    Soe.  ehim.  ^^ 

de  Berlin  Jan.  and  Feb.  1873. 
FiTK   (326).     Ueber  die  Oabrung  des  Glycerins.     Ber.  d.  deut.  cKem. 

UtteU.  8  (1876).  1346. 
FiTZ.     L^ebcr  alkoboliscbc  Gohrimg.     Ber,  d.  detU.  cAem,  Ch»«il  9  (1876). 

13^2. 
FiTZ  (348).     Ueber  Sobiisomjoetcngtibnuigcn.    Ber.  d.  deut.  chem.  Oetdl. 

10(1877).  276. 
FiTK   (348).     Ueber  Spnltpilxgiihrungen.     Ber.   d.   deut.  chem.   GatU.   II 

(I878J.   ISyS;    12  (1879).  479;    13  (1880).   1309. 
FieauE.     Microorganifiiueu.     1898.  lu.  Aufl.  202. 
FosTiK  (35, 70,  403).    Xot«H  on  Amylolytic  fonuenta.  Jottmai  of  Analtm^ 

and  Phyriolot^  1  (1867).  107. 
Fbanekl'RT  (113).     Ziir  Kcuntnisa  der  cbemidchon  Zusammensetmiig  dea 

ruhendon  Keinis  von  Triticum  vulgaro.    Landte.  Yo'mehut,  41  (1806). 

449. 
Fhankhal-ser  (391).     "  What  IB  dioHtaao  / "     Ann.  A^rin.  12  (186&>.  340. 
FaA^'KLA^'U,  F.  F.  and  Q.  C.    Tbc  Nitrifying  Pruccsa  and  ita  spodfia 

ferment     PhU.  Trans.  Roy.  Soc.  B.  1 89a  107. 
Frederick  (186).     La  digestion  des  mati^reB  albuminofdos  ches  quelqnes 

inv&rWbres.     Arch,  dv  ZooL  ErpMmentaU  7  (1878).  39. 
FKEDEEicy.     Bull,  de  tAtad.  Roy.  de  Bel^iqw  46  187^ 
Frepericq  (262).     Nnte  tiur  le  sang  de  rHomatd.    BtUL  de  I'Acad.  Aery,  di 

Belffique  (2)  47  (1879).  No.  4. 
pRKDEiUKdE.     Eintges  Uber  Fibrin  und  Fibrinogen.    Zeit,/.  p^ytioL  CMm. 

19  (1894).  143. 
Fremy.     Premiers  eesais  sur  la  maturation  dea  fruita.    BvU.  de  Cmv.  dt 

la  Soc.  Pharm.  de  Pari*  26  (I84<0-  368. 
Frew  (266).     M^moiro  our  la  matunitiaa  dos  frtiita.    Ann.  eAim.  et 

phjft.  (3)  34  (1848).  I. 
Frrut.     Rechercbes  sur  tea  rermentationa.     Compt.  KemL  76  (1872).  976 

ood  1060. 


BIBLIOGRAPHY. 


451 


FRiEDDrso  (237).    The  Mctire  principle  of  renaec,  the  so-cblled  Cbymosin. 
/%»rmaeniticai  Joumat  Jan.  5  1889.  5S& 


Oai>   (531).      Zur  Lchrc  tod  der  Fettresarptioa.      ArcAiv  /.  Anat.  u. 

PKg9ioi.  (1878).  181. 
Gamoee  (251).     Some  old  and  new  expenmaote  on  tlie  Fibrin-fennenL 

Jonm.  of  PAjfnology  n.  (1879).  145. 
Gardiner,  W.    On  the  changes  in  the  gbuid  c«lU  of  DConaa  m^ue^mla 

during  secretion.     Proe.  Ray.  Soc  36  (1884;.  180. 
Gabdineo,  W.    On  the  pheoomena  acoompanyiug  stimulfttion  of  the  gland 

oellfl   in  the  tentacles  of  I>ro$mx  dicholoma,     Proe.  Boy.  Soc,  30 

(1885).  229. 
Garj>ikeh,  W.  (96).    The  Hiatologj'  uf  the  cell-wall,  with  special  reference 

to  the  mode  of  connexion  of  cells.     Pnx:  Rojf.  Soe.  C2  (1897).  100. 
Gat-Lu8kac  {Z,  413).    Sur  Taiudjae  de  Talcool  et  de  I'ither  sulflirique. 

Ann.  de  dtimie  t.  ncv.  318. 
Gatox  (115;.     Hur  rinveraion  ct  sur  la  fenneDtation  alcoc^quo  du  aucra 

de  canne  par  \m  moiaissarea.     Compt.  Htnd,  B6  (1878).  52. 
^■DDES  (26S).     On  the  coaleeiccuce  of  Amceboid  oelLi  into  Plasmodia  aud 

on  the  80-caUed  coagulation  of  Invertebrate  Fluids.     Proe.  Boy.  Soe. 

30  (1879).  252. 
Gi£PULP(l20).    Wocfifruchrift/iirBrautrtiS.eSO;  aba. in  Jb«rn.  5oc  C5l#iii. 

Inditttry  1892.  627. 
[^GfeAKD  (145).     Pr^KHce  dans  to  PmicHium  fftauemn  d'on  ferment  agis- 

tuuit  comnie  remuUinc.     Compt.  Hani.  Soc.  Btol.  1893.  651  aud  Joitra, 

tfo  PAorm.  (6)  28.  11. 
QftRAKti  (233).    Sur  une  lipase  r^g^tale  extraite  dn  PmicSium  fftatteum. 

Compt.  Bend.  124  (1897).  370. 
Gbrber  (10,  329).     Maturation  dea  fhiits  cbomus.    Ana,  de  Sc  A'ut^ 

Ser.  vm.  T.  4.  p.  1. 
Geret  und  Hau>-  (216).    Zum  Nachwei»  dea  im  Uef^preauafl  enthaltenen 

prutwIyti.<Khen  Enzyuis.     Bar.  d.  demt.  eA«w.  OMaO.  31  (1896).  902, 

2385. 
GlLLESPiB  (163,  172).     Od  the  gaatric  digeetion  of  protoidis.    Jotim.  Anat. 

and  Pkytiol.  27  (1803).  196. 
Gomel  (212).     Pjiamenb\ologi$che  Schildcrungeii  11  (1803).  186. 
GoLUscaMiin'  (386).    Zur  Fmgc :   I»t  im  Parotidenspetchol  ein  Ferment 

vorgebildet  vorlianden  oder  nicht  2   Zeiuch.  f.  pkytioL  Ckem.  10(1886). 

p.  273. 
OoLnBCUMiPT.     Zur  Frage :    EnthSlt  die  Lufl  lehendo  auf  Stirke  vw- 

zurkernd  wirkendc  Fennente?    Zeit. /. phytiol.  Chnn.  10  (1886).  299. 
GOLDSCHMIDT.     Zur  Frago :    Ist  daa  Speichelferment  ein  vitalea  oder 

cheuiiBohoa  Ferment?    Zeit.  f.  phytiol.  CAtm.   10  (1886).  294. 
GoKNKiiMANK  (24).     Chtm.  Zeit.  19  (1896).  1806. 
V.  GoRUi'-BESASEe  (16,  304).     Uober  daa  Vorkommen  einen  diaatotiachen 

29—2 


462 


BIBLJOORAPHT. 


uud  peptonisirendcn  FonneotOB  in  dea  Wickenwunen.     Ber.  d.  dind.' 

cA#OT.  QcMiill.  7  (1874).  U78. 
V.  Gordp-Besanez  (211).    SUtb«r.  d.  phyt,  med.  Soc  cu  Erlast^m  1874. 

76  and  76. 
V.  Qoaup-BKSAXEZ  und  Gbihx.     PeptoDbildeode  Fermeote  im  PUnnn- 

reich.     Ber.  d,  d«Ht.  cAern.  Oetell.  H  (lfl7S).  1610. 
V,  OottUP-BiwASEZ  und  Wiu-     Fort^csetzte  Beobucbtmigea  Uber  peptoii- 

bildoiiJe  Fermente  im   Pfianzonivtcbe.      Bvr.  d,  dmU.  cAtfm.  Oettlt. 

9  (1876).  873. 
V.  OosTn'-BEHA>'EZ  und  Will  (SI  1).    Stttber.  d,  phy$,  mod.  Soe.  «v  Brlangett 

1876. 
Oouirakd  (301).    Sur  la  pr^aeooe  d'uoe  diaatase  dans  lea  Tina  caaadB. 

Compt.  Rend.  120  (1896).  887. 
GfiUEX,  Reynolds  (254),    On  certAin  )iointa  connected  with  the  ooAgula- 

tion  of  the  blood.    Jovm.  of  PAynoloffy  rni.  (1887).  3M. 
Green,  Roynolda  (205,  390).     On  the  cbangeH  in  the  proteidH  in  the  aeed 

which  accompany  germination.     Phil.  Tmiu.  178  (1887),  B.  39. 
Green,    Reynolds  (7~i  3d0).      On  the    germination    of   the  JemMkn 

.t\Ttichoke  {Bdianthw  ttdteroru*).    Ajih,  of  Botany  Vol  l  1888. 
Qrken,  RoynoIOs  (£07,  227,  24G).    On   the  germination   of  the  aeeck 

of  the  Castor-oil   plant  (Aiciniw  Communu),     Proc.  Hoy.  Soe.  48 

(1890).  370. 
QitKEN,  HcyiioUht  (200).     Ou  the  occurrence  of  vegetable  trypftin  in  th« 

fniit  uf  CttcuntiJi  utiiiMtmuM.     AnnaU  of  Botany  6  (1892).  196. 
Greek,    Reynolda.      On    vegetable    fermonta.      Jnn,   of  Botfttty   ISdS; 

Vol.  7,  p.  83. 
GiUBKK,  Roynolds  (22,  58,  71,  114),    On  the  OermiDatioD  of  the  PoUoi 

grain  and  the  Nutrition  of  the  Pollen  tube.     Phil.  Tram.  IBS  (18&4X 

B.  385. 
Greek,  Reynolds  (387).    The  action  of  light  on  diastaso.     Pkit.  TVviu. 

B.  VoL  188  (1897).  167. 
Gbekk,  Reynolda  (270).    Tbo  cell-membrane.    Science  Prognm  Vol.  n. 

344. 
Greek,  Reynolds.     On  the  supposed  alcohol  producing  cnsyroe  in  yeast. 

Ann.  ofBoL  xi.  (1897).  656. 
GaEEK,  Reynolda.     The  alcobol-produciug  enzyme  of  yeaat.     Anwdt  <f 

Botany  XII.  (1896).  491. 
QoKEKWDoD,  Miss  (189,  215).    On  the  digestive  }>roce«»  in  some  Rhlcopoda. 

Joum.  ofPhytioioffy  vil  (1885).  253  and  vin.  (1887).  863. 
Greenwood,  Misa.     On  digoRtion  in  Hydra,     ^ottm.  of  PkytuOogg  dl 

(laSR).  317. 
Grbexwood,  MiflH  (t90).     On   the  Food  Vacuoles  in   Inl^taoria.     PhU. 

Tram.  185  (1894).  B.  355. 
Qrxkkwoqd  (Miaa)  and  Saokders  (Miss).    On  the  rOle  of  acid  in  jwuto- 

soan  digeation.    Joum.  of  PhytioL  ivl  (1894).  441. 


BIBLIOGRAPHV. 


453 


GREESflUETCR  (49).     Ueber  das  Verbalten  von  StKrkc  und  Dextrin  gegen 

Jod    tuid   Gorbotiuru.      Liehi^'i  Annalen  tUr  Chim,   u.    Pharm.    160 

(1871).  40. 
Oriffiths  (43).    Physiology  of  the  Invertebrata.     London,  Iteeve  and  Co. 

1892. 
Qbi&     RecberchcM  sur  la  gcmiination.     ^nn.  dta  Se.  Nat.~ Botaniqxie  (fi) 

2  (1865).  5. 
GitL'sH.    Ueber  den  Eintritt  von  Diastase  in  daa  Endoaperm.    Ber.  d. 

devU.  hot.  Ge*fU.  U  (181)3).  288, 
OrOss  (97).    UelitT  die  Einwirkung  der  Diastase  auf  RcscrvocallttloHe. 

&tr.  d.  dent.  Int.  Ots^lL  12  (1894).  (60). 
ObCss.     Ueber  das  Vcrhalten  dea  diftatatiechen  EnzTms  in  der  Keim* 

pfiauze.     PringAheim't  Jahrb.  26  3  (1894).  379. 
OResa.     We   Diastase   in    Pflanzenkiirper.     Ber.  d.  dwt.  bot.  Utaell.  13 

(isai).  2. 

GB088.      WochentrJif,  f.  Brauerei  {\mb).  1457. 

OrObs.     BiUhthecit  hot.  (1896).  Hfl.  39. 

GEdsB.    landw.  Jahrb.  (1896).  Bd.  25. 

OrCss.    Uobor  die  Sijcretion  de«  Schildchens.    Pring$heM»  Jairb.  30 

(1B»-).  645. 
GrCtznbeu     Notizen   iiber  oinif^o  uugeformto  Fomicntc  dee  Saugethior- 

organisiniis.     PjfiUjer't  Anhiv  12  (1H76).  302  nod  14  (1877).  285. 
OuiONARD  (143).    SuT  la  localisation  dans  les  pUntes  das  principes  qui 

foumisBent  I'acide  cyaiihydrique.     Compt.  Jiend,  1 10  (1890).  477. 
OriGNARD  (143).    Sur   la  localisation  dans   los  nniiuides  et  le   laurier* 

cerise  den  principea  qui  foumia»ent  I'acide  cyanhydrique.    Journal  de 

BvUmiqxu!  4  (1890).  3. 
GuiGNARD  (14B,  39.1,  396),     8ur  la   locslituition  dw  principcs  actifa  doe 

cnicift'ros.     Jounial  de  liotaniqtM  4  (1890).  385,  412,  435  and  Ccmpt. 

Band.  Ill  (1890).  249.920. 
GtJioNAKD  (148).     Heuljerchee  sur  la  localisation  des  principM  acti&cbez 

lesi    Capparidi^,    Ti\t{}tol^e«,    Limnanth^  R^s^d^ea.     JounuU  de 

Botaniqne  (1893).  N-  19,  20,  22,  23,  24. 
GcitiNAHD   (148),     Rocherchee  aur   tartHtiiM   priucipCH  actifa  encore  in- 

oomiiia  cbcz  lea  Papayac'dcs.    Jimmai  de  Botamqite  8  (1894).  67,  85. 
OciONARD  (152).     Sur  quelques   propri<?td8  chimiqucs  de  la   M^Toaino. 

BxdL  Soc.  Bot.  de  Frofu-e  (3)  I  (1894).  418. 
OuNSiN'R  (117).     Untersuchungen    iiber   den    KinSuw   der    Hefen   auf 

ZuckeriOsung.     Ber.  d,  detU.  cheni.  OesdL  6  (1872).  821. 


Ds  Haas  uurl  Tor,i,iN8  (269,  270).     Uuteraucbungen  iiber  Pectiastofie. 

Lithi^B  Annalen  286  (1895).  S7a 
Habkiilanut  (29,  28).    Die    Klebenchicht    dea   (}raH-EDdospermcs  ala 

Diastase  ausscheidondes  DriiaengeTrebe.     Ber,  d,  cf«ut  hot.  OcseU. 

8,  40. 


BlBUOOnAPHT. 


Hahn  (21fi).     DaM  proteolytiHL-lie   Eozyu  dea  H«fi^ma§nftes.     Bcr.  d. 

deuL  t^/iem.  Oetdl.  31  (1898).  200. 
Haluuurton  (203).     Physiological  Chemistry. 
HAiiLrBURTON   (SBS).    Oti   the  blood   nf  decapod  Croatooe*.    Ji>um.  of 

Phynoloffff  TL  (1885).  183. 
HALUUtrBTON  (266).      Oo   Muscle -pliismji.     Joufn.    of  Phym'ology  viu. 

(1887).  159. 
Halliburtok  (352,  260,  409).     On  the  osturc  of  fibrin  femient.    Jotim. 

of  Phyidolog^  IX.  (1888).  265. 
HALunrRTON  (253).    Nooleo-protoids.    Jbum.  o/i'A^«W(^  xvuL  (1886). 

306. 
Hallebdrton  nnd  Brodib.     NucIeo-AlbumioH  and  fntrftViiacukr  CoagU' 

lation.    Jonni.  of  Phtfttiolo^  xvn.  [1894).  135. 
Haixibdrton   and   Brodik  (335,  243).     Action  of  pancreatic  juioe  qd 

inilk.    Joum.  of  Pftynoloffy  xx.  (189G).  97. 
Haixirr  (S-t2).     niihriingmrneheiniiiigen  (1867).  39. 
Eauburuer  (34,  127).     Vei-glclcltcibdc  Unteisucbung  uber  die  Einwirk- 

uug  dcs  SpcichclK,  des  PnncreaH-  und  DamiHafleH,  aowio  dea  Bhitas 

auf  Starkuklcistor.     PjHiifa't  ArcAie  60  (1895).  543. 
Hauuausten  (236, 31 1 ).   Uobor  die  Milchgeriniiuiig  uud  die  dabei  wirkan- 

deo  FenneDte  der  Mageosobleimbaut    Maly'g  Bvrichu  ii.  (187S).  118. 
HAMSiARirricN.     Ueber  den  chemiftohen  Yorlauf  boi  dor  Qerinnung  dea 

OaaelDS  mit  I^b.    Maly'$  Berichte  vt.  (1874).  135. 
HAXHARJn'K.v  (236,  239).     Zur  Koniitni»ui  dos  OaeeTos  und  der  Wirkung 

des  LAbfcrmentc^.     Cpsabi  1877. 
Ha3uiak»ten  (236,  239).    Zur  KenntnisH  des  Cijwelus,  und  der  Wirkung 

dea  I^bferuientfift.     Male's  Bfrrichtt  vii.  (1877).  166. 
Hajimarhtkn.     Zur  Lehrc  von  der  FAsentifTg^nniing.     PftU^jer'*  Arcfu 

14  (1877).  211. 
Hammarbtrn.     Ueber  daa  Paraglobulin.     Pfiiigm'i  Atehiv  17  (1878).  413  : 

18(1878).  38. 
HavuaRuten'.      Uuteraucfaungoi)    Ubcr   die    Faaenitoffgerinnung.      JVtw, 

Acta  Reg.  Soc  ScieiUiar.  CpteU.     Ser.  10.     VoL  la     Sepuratabdnidc, 

Upttala  1878. 
HAMHARivrBM.     Ueber  doa  Fibrinogen.     I^lugm^a  Arch.  19  (1878).  .^63. 
HAjniARflTBM.     Uubor  dcii   Faiterstoff  und  wine   Bntatehung  aua  dem 

Fibrinogen.     Pfiiiger'a  Archiv  30  (18*3).  457. 
Hakmarsten  (2rii',  392).     Ueber  die  Bedcutung  der  Uielioben  tc«ll«u«l«* 

fUr  die  Faaeratoffgerinnung.    Z^.f  pk^tioi,  CAtfm.  23  (1896).  333. 
Hanriot  (222).    Sur  un   uoureaii  ferment  du  dang.     Compt  BentL  ISS 

(1896).  763, 
Harriot  (S25).    Sur    la    non-identit^    das   Upaaea  d'cHrigine  diffdrente. 

Contpt.  Rend.  124  (1897).  77a 
Hakriot  et  CAUua.    Sur  le  dosage  dc  la    lipase.     Compi.   Rend.    IS4 

(1897).  235. 


4H 


UxBEs.  A.  (3^10^    Ueber  Fermente  und  Enzyme.    Arbeit,  du  boL 

Itut.  in  WiSibwP^VL  (1887).  261,  and  Bot.  Zeit.  (1886).  137. 
Haxakn.     Die  Verflilaaigang  der  Qfll&tiue  durcfa  SchimmBlpilze.     Flora 

72  (1880).  88. 
HABmrxKnr  (30).     Ueber  die  Unuoben  der  Entleeninj;  der  Reoervostofle 

au8  Sawieu.     Flora  79  (18W),  410. 
Harcol'BT,  a.  VGrDoo.    On  the  obsei-vatiou  of  the  counfe  of  chemickl 

cluLDge.    JbvrTi.  Chtm.  Soc.  TVaiu.  20,  460. 
Hajwt  (S63).    The  blood  corpuaclos  of  tbe  Cnistaoea,  tot^iher  with  a 

suggestion  as  to  the  origin  of  the  CmstoceAn  filMTn-fonuent    Jown. 

o/PAysioloffy  im.  (1892).  165. 
Barley.    Tbe  behAvioiir  of  saccharine  matter  in  tbe  blood.    Joum.  of 

Phtitiologg  XIL  (1801).  391. 
H.vRRis  and  Gow  (335).    Ferment  actions  of  the  pancreas  in  diffbnnt 

animals.    Jowth.  u/  Pkynologif  xni.  (1892).  468. 
Habtig,  R.    Lehrb.  d.  Baumkrankheiten  n.    Berlin  1889. 
HaTPCCK  (317).     Ztit.  Spirit.  Ind.  (1881). 
Uatem.    Ob:«ervation  k  roocasiou  du  travail  de  M.  Arthua  ear  le  dosage 

compAmtif  du  fibrinogfenc  et  de  la  fibrins.     Compt.  Rand,  Soc,  Biot. 

S.  X.  1  (1894).  309. 
Hkiu£Xhai?i  (375,  386).    Beitrage  rtir  Kenntniw  dee  Pancreas.     f^Uger't 

Arckiv  10  USTS).  557. 
Heiaivo  and  Pa*8M0RB  (203).     Pharmacological  Record,  July  1893. 
Hklwrs.     Ueber   Labfeniient  iiu  iiienschlichen   Ham.     PJtOger'i  Arckiv 

43  (1888).  384. 
He.\-igeb.    Reoliercbwi  aur  Iom  [wptonea.     Compt  Rend,  86  (1876).  1464. 
HEyNEDERo  lind  Stohma.sn.    Ueber  die  Bed«utung  dor  Oellulose-O&hrung 

fUr  die  Emohnmg  der  Thiere.    Zeit.  f.  Biol.  xxi.  (1885).  613. 
Hiataeey  (147).    i?ur  la  pr^ooe  de  ri$mul»ioe  daoa  lee  licheas.    Bull,  de 

la  Soc.  Myt-ol.  de  France  15  (1898). 
Kit  (38S).     Ann.  de  Microgniphie  iv.  13. 
HEBzrEi.[i  (50).     Ueber  Mnltodexlnn.     Halle  1879. 
UBRzrELD.     Ueber  die  Einwirkung  der  DiaMtaae  auf  Sttirkekleister.    Ber. 

d,  deut.  ckem.  OeeelL  li  (1879).  21S0. 
Hbwson  (248).    The  works  of  VVm.  HewHon,  F.RS.,  edited  wiUi  an  iutro- 

ductitiii  and  tioUM  by  O.  (Jullivcr,  F.R.3.     London,  printotl  for  the 

Sydenham  Society,  1840. 
HiBfK.    On  wmo  products  of  tstarch  tranaformatiutL    Cuventrjf  BniMn* 

G(U9ae{lS&3),  732;  (1894).  12,  37,  68,  99. 
Hnx,  A.  Cmft  (436).     Reversible  Zymohydrolyaia.    Joitm.   Cfiem.  Soe, 

Tram.  (1898).  634. 
Hjort  (215).     Nouc  oiweia»verdaitende  Enxymo.      Cent.  /.  Phenol,   x. 

(1896).  192. 
HoFpUANN.     Uuber  daa    Schicksal    eiuiger    Fermente  im  Orgaoi^imus. 

Pjliiger'M  ArrUr  41  (1887).  Ua 


mBLIOORAPHT. 


UoriiKirn'EK.     ITiibcr   die  choiniftche  Stnictur  dm  CoIUgens.      Zeit.  f. 

phtfaiol.  CAam.  2,  299. 
HoniEiKTER.    Arch./.  Thi«rkeatunds  Bd.  vii,  (1881).  169;  Bd.  XI.  Ilfbo.  I 

/uitl  2. 
H(x>KifR  (211).    The  cAruivorous  bobits  of  plants.     BrU.  Auoc.  Btport* 

1874  (Bolfast).  102. 
HoppeSktleh.    PAjftiot.  CKem.  (1877). 
Hopp»eSE¥i,ER.     Uetwr  Untenschiede  ira  chemiBchen  Bnu  und  der  Ver- 

dAtimiK  h<>lierer  umi  niederer  Thicre.    PJtiigcr'$  Archiv  14(1877).  395. 
Hoppt^-SuYLEii.    tialirung  der  (vclluloae.     Ucr.  d.  dcuL  ehem.  GettU.  xvl 

(1883).  122. 
H6PVER.     Uutersuchungeo  Uber  ungaformte  Fenoeuto  imd  ibre  Wiric- 

ungcn.     Journ.  f.  praht.  Chrnn.  X.  F.  Bd.  tS  (1872).  372  j  10  (1B74).  1  ; 

11(1875).  43,  194. 
HCpNER.    Recherche  sur  te  fenaant  Don  organui^    BvU.  cU  la  Soc  (^m, 

de  Piiru  (1^11). 
HciK,  MisB.    C^angCH  in  the  CeU-orgau-i  uf  DnMera  rotundifotia  produced 

hy  feeding  with  Egg-albumen.     Qnart.  Journ,  Itic  Sc.  39  (1897).  387. 


Ueber  uugefomite  Funuente.     inatig.  DUt,    Berlin 

ZeitM^.  f.  phyn'of. 
Ann.  Chim.  «i 


JaC0B8ox(410,  431) 

1891. 
JA0DB8OK.     Diitereuchungcn  iilKtr  llMiuhe  Fenncnte. 

CAct;*.  16  (1892).  340. 
Jaoqubuart  (282).    Note  sur  la  feriueiiUtiori  urinairc. 

Ph^i.  3  «?r.  vir.  (1843).   149. 
DB  Jaubr.     Krklaruiigsvcr^uch   iibcr  die  Wirtcungsut  der  ungeformten 

Fonnoiite.  Vijxhoic'6  Arrhiv  121,  182. 
Jaix>witz  (56j.  Chem.  Xnt.  (189.^).  19,  2003. 
J0HAK8EN  (142).    Sur  la  localisation  de  I'dmulsiDe  daua  leei  Anuuidea. 

Ann.  Sci,  NcU.  [Bot.)  7  Bar.  «  (1887).   Iia 
JoROENBRN.    Micro-orgAtiiains  nt>d  fermentation.    TranA.  by  Miller  uid 

Lenbolm.    London  ]893u 

Katz.     SitJwgA.  d.  &icAs.  Oe».  d.  Ifiw.  L^'piiy  (1896).  51.3. 

Kacfuann  (40).    Contribution  i^  I'dtudn  dn  furniout  glucoidquG  du  fine. 

Compt.  IUmL  Soc.  Biol.  %  1  (1889).  000. 
Kkam  (92).    On  RhiKopus  nigricana.    Bot.  Gazette  XV.  173  (1890). 
Kellner,  Moat  und  Kagaoko  (113).     Beitrfige  znr  KoontiiiMS  der  inver- 

tirenden  Fennwite.     Zeit.  /.  phtftiol,  Chem.  14  (1890).  207. 
KracHnorr  (8,  15).     Ueber  die  Zuckerbildung  beim  Malzen  dee  Oetreidea. 

Schtoei^B  Journ.  U  (181.')).  389. 
Kjeldaht.  (112).     I.  R«chercheK  vxxr  len  fRnnetits  prodiicteurs  de  sucre. 

IT.  Rccberches  aur  la  ptyalluc.    Middetel^er  from  CarUberff  laboratory 

Vol.  1  (1878).  82. 
Kjkldabu     Comjpt.  rtnd,  dts  trarwx  du  Laboraioir*  de  Carbherff  (IB79), 

129  and  (1881).  189. 


BIBLIfiORAPIIT. 


467 


I 


Ki.ro  (180).     UntervuchuDgen   Uber  Pepsmverdauung.    f^iige/*  ArcAie 

GO  (1895).  43. 
V.  KxiEaiEU.     Ueber  die  Verwt^hung  dcr  Celluloac  im  thiertschen  Or- 

ganismuM.     JCfiX  /.  Biol,  xxl  (1885).  67. 
V.  Kjiikhiiih  und  Maykr  (352).     Ueber  die  Uraaobe  der  Esfiiggahrting. 

LatidicirtK  Versuc/uttat.  16  (1873).  305. 
Koch.  Jahreab.  d.  Otlhrvngtorg.  (1890).  171. 
Koch  und  Hoeoirs.    Das  VeHialtoQ  der  Hefeti  gegeu  Gljrkpgeu.     Chem. 

Centr,  (1884).  2,  8C9. 
Kohl.     Ceber  AaaimilatiutiaeiMrgiQ   uud   SpalUitfDutigBmecbanic.      Bot. 

Ce/Ur.  64  (1895).   109. 
KoauAN.N-  (16,  113).     RochercbcA  cbimiqnoH  sur   los   fcnueiiU  conteaUH 

dans  les  r^g^ox.    BulL  tU  la  iSoc  CAi'm.  de  Pari*  xxyii.  (1877).  357. 
Krabbe  (19).    Uutereuchungcn  Uber  dstm  DiaatoscfenueDt  unter  siiocieller 

Beriicksicbtiguiig  »«iiier   W'irkuQg  uuf  t^tarkoklinier   inncrbalb   dor 

Pflanze.     Pringtheim't  J<trhb.  21  (1890).  520. 
Kb&uch  (16).     Beitriigo  zur   Keuut4iiaa  der  uugeformteu   Fenuente  im 

PflaiiaciiPeicU.     LamlirirthMcA.    VerfKchsstut.  XXIII.  (1879). 
Kkaucu    (205).      CTeber    Peptoo-bildendc    Fenuente    in    den    Pflanzeo. 

landw,    Vermchttt.  H  (1882).  383. 
Kbawilow  (46).    Eine  allgemeiiie  Methode  zur  DarstelluDg  unorgautscher 

Ferniento  in  reineu  WasseraufgUsaen.     Juunu  der  rim.  phyi(,-chem, 

Otatll  I  (1887).  387;  and  Ber.  d.  deut.  ehem.  OeaeU.   Roferutband 

1887.  736. 
KboBEB.     Zeit.  get.  Brattiets.  (1895).  18,  324,  334. 
Kbckexbkr*;  (179).     Ueber  ein  peptisches  Enaytn  im  PIs.sin<jdiiim  der 

Myioiuycoten  und  im  Eidottcrvoui  Hiibne.    Jtftdi/'t  JuAretL  Thiertch. 

9  (1879).  270. 
Kblkbkbsro.     KHAii^t  t'TUertuchun^en  u.  (1882).  4,  13. 
Krckexbcrg  (215).     Ueber  ein  iteptiaches  Etujm  im  Plasmodium  der 

Myxoinycoten.     Kuhn^s  UtUersuchungen  JL  (1882).  273. 
K€hni{  (166).     Ueberdie  Verdaimng  der  EiweiasstoSodurcIi  den  Pankreas- 

«aft.      TiVvAotr'*  .^rcAitf39(1867).  130. 
K0hxk(164).   ireber dftfl  Verhalten  verchiodeiierorganieirlorundungefonu- 

ter  Fcrmentc    Verh^mdt  d.  naiurhia.mcd.  IV.  Heidlbg.  I  (1876).  I90l 
KObmb  (184.  402).     Uobur  (lut  Tryimiii.      Vrrkandl,  d.  natHrhiMi.-med.  IV. 

Heidlbg.  N.  F.  Bd.  i.  (1876).  194  and  Bd.  m.  (1886).  463. 
KOuNE.     ErfabnitigGii  iind  llemcrkungen  Uber  Enzyme  und  Formentc. 

Ph^iiolog\«chi4  Iimtitut  Ut-idfUterg  (1878). 
KOuNE.    Vereinfiu'litH  I)arsU>lliiiig  deit  TrvfMintt.     Verhandl.  d.  naturkiMi,' 

uied.   tVr.  ffcidlhy.  3  (1886).  463. 
K6BNE  und  CHtTTKSDEN  (168).     Ueber  die  nrichston  Siwltungsprodtitrte 

der  Eiweiaskiiriier.     Zdi.f.  Biol.  19  (1883).  184. 
KChne   umi   CnrrrENDEN   (170).     Ueber  Albumoeeu.    ZtU.  /.  Biol.  20 

(1884).  II. 


458 


SlBI.lOGRAl'aY. 


KuBNE  und  CinTTENDEK.     Uobcr  die  FeptoDc.     Zn't.  /.  Biol.  W  (1888V 

423. 
KOb^'R  tuid  Liu,  Sheridan  (375J.     Ueber  die  Abaondenmg  dot  Pankreu. 

Verkandl.  naturhitt.-TMd,  Vnreitu  Beidelhv^g  I  {1877},  415. 
KfiLK  und  Frssichh.     Ueberden  Eiufliua  det  Unterbindung  doa  Ductoa 

cholixltjchus  auf  den  OljcogengehaJt  der  Leber.     PJHiytr'a  Arehir  13 

(1876).  -IfiO. 
KClz  und  VoQEL  (S7).    Welcbc  Zuckorarleu  ontatehoii  boi  dem  dotch 

thieriscbe  Fermente  bewirktcn  Abbftu  der  Starke  und  dcs  Gljrkogcna  ? 

ZeiL/.Biol.  31  (189d).  108. 
K€TZTNn  (4,  351,  41-1}.    Orgonische  Unt«rauchuiigen  Uber  die  Rofe  and 

Esaigmutter.     ErdfTL.  Journ.  f.  prah.  Chem.  xi.  (1837).  381. 


Ljibukue.    Sur  In  oonsomnmtioa  du  Malioee  par  une  miHsissure  noureUe^ 

VEurotityptit  Gaytji.  Aet    Compt.  Rend.  Soc,  BiU.  8.  s.  2  (1695).  472. 
Labordb  (304).    Sur  t'oxydase  du  fiittryiU  cinerM.     Compt.  Rend.  136 

(1696).  536. 
tiAPAR.    Technical  Myctilogy.     Eug.  Trans,  by  Sftlter.    Londnn  1898. 
LAn.i.RD.     Note  sur   In   fertuentatioti   amrauuUcalc    de    I'urinc.     Coii^>t, 

Rend.  78  (1874)l  361. 
IjU«tiL£Y.     On  the  doatruotion  of  fcroients  in   the   nlimentary  cfuml 

Journal  of  Phgndogy  m.  (1881).  246. 
Langlet  (243,  386).    On  the  histology  of  the  m&mnuiliui  gastric  glonda 

Jnunuft  nf  Pfiifstoloffy  m.  (1881).  369. 
Lanolet  and  Edkika  (181,  384,  39j).     Fa|)«inogen  and  Popsiu.    JotirtuJ 

ofPhytiUotfy  VII.  (18H0).  371. 
Lanrlkt  and    Eves  (66).    On  cert^iiii  coiidittoiiH  which   influonoc   the 

amylolytin  act.ion  cif  Sniira.     Journal  of  P^ynoloffy  tv.  (1882).  18. 
DB  Latour,  Cagniard  (4,  414).    M<5moirc  bvir  la  Formontation  Tioeuae. 

Ann.  d«  Mm.  et  pfir/A.  ?  H^r.  t.  ixvm.  (1838).  206. 
Lavozbibr.     ^MnieiitH  du  C'bimie. 
Li:a,  Sheridan  [24.'>).    On  the  action  of  the  Rennet  Femieiit  ountAinfid  iu 

the  seeda  of  Withania  coagulant.    Journal  of  PAytiology  v.  (1883)  v\. 

and  Proif.  Roy.  Soe,  36  (IB83).  50. 
LcAf  Sheridan  (285).    Some  notes  on  the  isolation  of  a  soluble  vnm- 

ferment  from  the  Tonda  Hreat.    Joumal  of  Ph^tioUtgy  vi.  (1885).  136i. 
Lea,  Sheridan  (57,  69, 187).  A  oom|>aratiTe  study  of  artificial  and  natiinJ 

Digoationa.'   Jtmmal  of  Phynolwft/  xi.  ( 1 890).  226. 
LcA,  Sheridan,  and  Grekn,  Beynolda  (252).    Some  notes  on  the  Fibrin- 

femient.     Journal  of  Ph/idology  iv.  (1883).  380. 
Lf.uer  (179).    Bowman  Lcwtnm  1892.     Brit.  Med  Journ.  1643,  1357. 
Lecuaktiek  et  Bellamy  (5,  327).    De  la  feruientation  dee  fruita.    Cinnpt^i 

lifudMHl  (IfiT.'i).  1129. 
Leidv  (189).    Prenhwater  Khixoixids  of  N.  America. 
Leuery  (413).    Coure  de  chimie.     1675. 


BIBLfOGRAPHT. 


Zapibx  (309).    Rur  la  pn^nce  nornmlo  dona  to  chyle  d'un  fenwiut  de- 

Btructeiir  du  sucra.     Compt.  Rend.  110  (1890).  742. 
Lkpinc  (300).    Sur  U  production  du  ferment  glyoolytique.    Comyt.  Bend. 

120  (1893).  139. 
Lepixe  et  BiRRAi.  (308),  Sur  lo  pouvoir  glycolytiqiit  du  Bang  ot  du  chyle 

OimjX.  /tend.  110  (1690).  1314. 
Lkpikk  et  Baroal  (309).    Sur  In  dcstructimi  du  suore  dam  le  saog  in 

vitro.     Compt.  Rend.  112(1891).  146. 
LspiVB  et  Barral  (308,  309).    Sxir  Titioleuient  du  foriueut  glycolytique 

du  aang.     Compt.  Rend,  112  (1891).  4U. 
liBFOrn  et  Barral  (309).    Sur  les  variations  des  pouvoin  glycolyliquc  et 

uccharifiaiit  du  «atig,  et  sur  Ia  lotMilittatiuti  du  ferment  Baccfaari&ont 

daux  le  s^rum.     Compt.  Rend.  113  (IB9I).  1014. 
LEprsois  (307).    Note  but  lea  fermeottt  oxydants  de  I'Aconit  et  de  la 

Bcllftdone.    Joum.  dt  Pharm,  (6)  9  (1899).  49. 
Leijchs  (6,  15,  33).     Wirkung  dos  S])eiohpl«  auf  Starke.   Poggmd.  Annal. 

XXIL(I831).  6S3. 
Leuchr.   Ueber  die  Verzuckerung  des  Starkmohls  durch  Speichel.    Kaatner. 

Archiv  C/iemie  HI.  (I83I).  U>5. 
hkvr.    Dc  U  fcrnientattun  fUcoolique  den  tDpinaiubours.     Compt.  Rami. 

116(1893).  1381. 
LiBArrue  (413).    Alcbymia.     1595. 
LtooRius.   Beitrage  imr  Koiintiiiwt  dm  Snuerwtofflwdiirftiiaaw  der  Bacteriaai. 

ZeiUrh.f.  Uxfgienf  1886.  Bd.  r.  158. 
LlEBio  (5,  415).     Sur  les  ?ht'iHmitne«  dc  la  Fftruientatioii  et  de  la  I*utrc- 

laction,  et  Hur  leu  causes  cjui   lea  proviiquctit.     Ann.  de  chim.  et  d« 

pky$.  2'wir.  t.  lxxl  (1839).  147. 
LncBio.    Ueber  die  Erscheiiuuigon  der  Gahrung,  Fiiulnuts  uud  Vorwceung 

imd  ihro  UrMchen.    ^7im.  d.  Chem.  «.  PAarm.  30  (1839).  250,  36X 
LlEBIO  (241).     Chemiscfte  Bn'efe  1865.  159. 
Liebio.    Uebor  die  Uiihning  nitd  die  Quelle  der  Muskelkroft    Arm,  d, 

Chem.  K.  Pharm.  153  (1870).  I,  137. 
Lkibio  (352).    Sur  la  fermontation.     Ann.  de  rhim.  et  de  pAyt.  (4)  23 

(1871).  7. 
LlEDiQ  et  Woehler  <G,  141).    Sur  la  fuiiuation  de  lliuile  d'amandoB 

amireB.     Ann,  de  e/iim.  et  phya.  G4  (1837).  185. 
LiNDREROER.    BetiragQ  ziu"  Keontuiii^  der  Trrpeitiverdauuiig  bei  Oogen- 

wart  von  freieii  Siiuren.     Ma!i/»  Berichte  13  (1884).  280. 
LixDET  (305).    Sur  I'oxydation  du  tauin  de  la  ]>oniiD«  k  cidre.    Compt. 

Rand,  120  0895).  370. 
Ling  and  Barer  (56, 1 29).    The  action  of  dioatoae  on  atarcb.    Journal  of 

the  Chemical  Society.    TrtinJi.  1895.  702;    TntttM.  1895.  739;    3VwM. 
1807.  A08. 
LiXN^OB  (244).     Pinguiciila  YulgartH:    Flora  Laponica  1737.  {Mige  10. 
Ll?rrNBB,  0.  J.   Studieu  Ubor  Diaataec.   Zeit,  f.  d.  gM.  BrauwMen  \^^  ATL 


460 


BIBLrOORAPHT. 


LiNTSBR,  C.  J.  {46).     Stuilten  iiber  Diastole.    Jovm.  /.  jirait.  CAem.  (B) 

.■M  (1886).  378;  36  (1887).  481. 
LiNT.VKK,  C.  J.     Uebcr  die  cbcinisoho  Xatur  der  T^ctAbiliiioheu  Duutou. 

rjHiga't  Arch.  (1881).  205. 
LiNTNBA,  0.  J.  (6fi).     I'ober  das  Vorkommen  von  TaomaltoAe  im  Biwe  imd 

iu  der  Wurze,     Zcit.  f.  d.  get.  SrautcVKn  1801.  281. 
LivncEBf  C.  J.     Ueber  Isoinaltoee  uitd  dereii  Bcdeuttmg  fiir  die  Brauerel 

ZeiL/.  d.  gtw.  Brauwet.  IBOS.  6. 
LiNTXKH,  C.  J.     Teber  die  Vergtihrbarkeit  dor  Isomaltose.    Zeit.f.  d.  get. 

Bnmwa.  1692.  106. 
LrvTNKR,  C.  J.  (55).     Unbor  die  1-^iiwirkang  vou  Diastase  aur  Isonudtoae. 

Zeit.  /.  d.  ffM.  Brauiteien  (1B94).  378  and  (1898).  173  and  Chem.  Centr. 

1895.  1,  91. 
LisrrwER   (ISO).     Ueber  die  Invertieruug  von   Mftltom  und  Immoltaae 

durch  IJefo.     Ckan.  Cantr.  1B95.  1,  271. 
LtNTysR  und  DCll  (55J.    Versucbe  mi  Gewinnung  der  Isomaltoae  ana  den 

Produktcii  der  StUrkeumvaodluiig  durcb  Diastaae.    Zeit.  f.  angtw. 

Chem.   1892.  363,  nlno  Zeit.  f.  d,  ges.  Brcuwtten  1892.  145. 
LnfTNER  und  UClu     Ueber  den  Abbnii  der  Starke  uiitcr  dem  EinBasw 

der  DioataaewirkoDg.     Ber.  d.  detU.  cAait.  OcmU.  IG  (1B93).  2533. 
LiNTNKR  and  DOll.    On  a  sooond  aohroodextrin  formed  \ij  the  action  of 

diaatoae  on  »4tArch.     Zeii.  /.  d.  gts,  Brauteemn  1894.  339. 
LisTTNER   und   Kc^cHARDT  (30,   64,  391).    Studien  dber  Diaatase;.    ZeiL 

/.  da*  get.  Brautcta.  1869.  389  and  Joum.  f.pr.  Chem.  [S]  41  (1890). 

91. 
LiNTNER  und  Kruber  (129).     Ver»chiedenheit  der  Hefeglucaae  Ton  Hate- 

glucaae  und  Invertioe.     B«r.  d.  dfttt.  trhem.  Qe*dl.  S8  (1895).  lOOOl 
LiXK.     Beitrage  zur  Phy8i<^og^e  der  KeJmung  nm  Zea  Mait  L.     Prittfft- 

Jkeim'f  Jarhb.  29  (1896).  267. 
LoKw  (403).     Uebcr  die  cbcmiiicbe   \Atiir  der  nngefomiten    Ferroente. 

PJinger^f  ArcJiic  27  (IflM).  203  Aiid  36  (1885).   170. 
LcBAVi;;  (1^)-     Ueber  die   kUnstlicbe   Pepsin-Verd&uung  des   Caaeiu 

und  die  Einwirkung  Ton  Waaser  aof  EiweiaBsubataiuea.     lT<^pe- 

Sayter's  m^d.-ehftn,   UntenwA.  Hf.  iv.  (1871).  S.  463. 
DE   LccA   (328,   344).      Rechorchee  chimiques   tendant  &  di^montrer  la 

production  de  I'alcool  dona  lea  feulllea,  les  fleors  et  les  friiits  de 

certainea  planter.     Ann.  de  Sc  Jfat.  (6)  6  (1876). 
I^unwir.  (297).     Ueber  das  ClirDtuiigcn  des  Botetua  tyaneaoeru,  und  Anderor 

auf  frischcn  Bnicho  blau  wcrdenden  Pilze.    .IrrA.  de  Pkarm.  (2)  cxLii. 

1872.  107. 
hrT2.     Amygd&lin  und  Emulaiu  in  flen  Sameo  gewiaser  PotoaooHi. 

d^  rharm.  1897.  312. 


I 
I 


Uacallvh  (383,  409).    Ciintribiitiona  to  the  Morpbdogjr  and 
of  the  Cell     Trmu.  Canadian  hut.  1  (1890).  247. 


3 


BIBLIOGRAPHY. 


461 


Macai*ldm  (36S).    On  tlie  distributiou  of  aMtiinitat^d  iron  com]ioutidtf  in 

animal  and  vegetatlo  cells.     Quart.  Joum.  Mic.  Sc.  38  (189&).  229. 
Macallum  (382),    On  the  detection  wid  localisation  uf  pbouphnnui  in 

auimal  and  vegetable  tiasuos.    Proc.  Hoy.  Soe,  63  (18DH).  4(17. 
Malt  (177).     Ueber  die  thcmiauhe  ZuaammenaetiEung  und  pbysiologiAche 

Bedeutung  der  PL'i>tone.     PjHigKrn  Avhiv  0  (1874).  592. 
Kanuin  (8d).    htudc  bistoriquc  ct  critique  aur  ta  pi^&tence  deH  coni})OH4ia 

I>ecticiuo8  dans  le»  tisaiiB  de»  v(Sgi5tanx.     Jonrn.  <it*  Botaniqw  5  (1891). 

400,  440. 
Manuin  (85,  260,  270).     Proprietea  et  r^actiona  des  comi>oHi'j4  poctiqueft. 

Morot'a  Journ.  de  Botaniym  6  (1&92)l  206,  2.^,  393. 
Manoix.     Rechcrches  aur  les  camp<:«^8  pectiques.    Joum.  de  Botautque 

7  (1893).  37,  121,  325. 
Karcaxo  (209).     Sur  la  fonueutatiori  ijeptouique.     Compt.   Renti.  99 

(1884).  811  and  107  (188fl).  HT. 
Marcano  (I9.'»).     Bidh'tin  of  Phimnacy  v.  (ItJOl).  77. 
MAHTra,  S.  H.  C.  (201,  244j.     PajwiVu-Digestiun.    Jount.  of  Phytioloffy  v. 

(1884).  213. 
Mahtis,  S.  H.  C.  (201).    The  nature  of  Papain  and  its  action  nn  vej^ble 

pmteids.     Jount.  of  PKyaiologg  v*i.  (1885).  33Q. 
Martinand  (303).     Action  de  3'air  sur  lo  moitt  de  raisin  et  sur  le  vin. 

Compt.  Rend.  121  (1895),  502. 
SlAaTiNANii  (302).    Sur  t'oxydation  et  lu  coaao  dea  rina.     Compt.  Rend. 

124  (1897).  512. 
Matuieu  ct  Hallopeau.     Arclt.  </<  ifc/.  txpA.  No.  3.  1893. 
Maych,  Ad.     Die  Lehro  vou  don  chem.  Fermonten.     Heidelberg  1882. 
Mays,  Karl.     Uebcr  die  Wirkung  von  Tripsin  in  Siiurcn  uiid  v«m  Pepsin 

und  Trypsin  aafeinandor.     Vntert,  a.  d.  physiol.  Intt.  d.  I'mv.  Jleidd. 

1880.  378. 
Mbissneb  (ica).     Zt.  f.  HiU.  Med.  vii.  l ;  viii.  280;  i.  1 ;  in.  46;  Iiv. 

303;  reaum^  ty  Lehmanu  in  Uioi.  Cmtr.  4  (1884).  407. 
V.  Mlulnu  (124).    Ucl>cr  den  Einfluas  dinatatlMcher  Femiente  auf  Starke, 

Dextrin,  und  Maltose.    Zeit.f.  phytioi.  Chevt.  v.  (1 881).  185. 
MrrscHNiKOFF  (189).    Untersuchungen  liber  die  intracellulare  Verdauung 

l«i  wirbelloueti  Tbieren.    Arbeit,  a,  d.  ZooL  liutit.   Wi^n  5  (1883).  141, 
MfTbcuNiKorr.     Kecherchea  sur  lu  digestion  iuUuceUuUire.    Ann.  de 

V/n$t.  Patteur  3  (1889).  25. 
MsTZLER  (182).      Deitrage  zur  Verdauimg  dee  Leima.     Gioeweu   1860. 

Schmidt's  Jahrh.  Bd.  110,  153. 
Metkx  (4).     PHanz-etipliysiologio.     3*  v.  4i5. 
MnrKii,  A.  (380).     Ueber  Starkekdmor  wclche  sich  mit  Jod  rot  rarl>oo. 

Ber.  d.  deut.  lot.  Qetdl.  4  (1886).  337. 
Mkvib,  a.     'ItW  der  Abbatidlung  von  Krabbo  "  Untenuchungcn  Uber  das 

Diastase."     Bcr.  d.  d.  bot.  OeHil  1891.  9,  238. 
UXYEU,  A.     Untersuchiingoii  tibor  die  StarkekQmer.    Jena  1895. 


462 


bXBLIOGBAFHV. 


MiALHB  (6,  16)  33).     De  la  digestion  et  de  rassimiUtiou  des  matitoBB 

Hucrees  et  amiloidea     Coniptes  Hend,  30  (1S45).  054,  1485. 
MiAT.HK.     Memoiro  siir  1a  dige^tinn  nt  rA.ssimilatioD  des  matibru  aznj- 

loldea  ot  isucnJcd.     1846. 
MiKRAN  (113).     Chetn.  Zmt.  17.  128a 
MiGUBi.  (284,  268}.    Sur  k  fonucnt  soluble  de  IHu^    CWpt  Bmtd.  HI 

(I«90).  3»7. 
MiTKOHBRLicH  (4).    ChoDiiiwbe  Zcrsetzung  und  Vorljiiidung  vermitteUt 

ContAcUubHtanzen.     Pvggendorfa  Ann.  LV.  225. 
MiTTEiJiKisR  (53).     Beitriiijti  zur  Kenntoisti  der  diaHt.itittchon  Zenntsung 

der  Starke.     Chcm.  Ccntr.  189G.  II,  163. 
Mitmi.     Invcraion  dos  Rohrziiokors.    Bar.  d,  dad.  oAah.  Ot»ell.  (1885). 

Mii'Ri  (116).    IhI  der  Dtlnndann  im  Standee  Rohrzucker  zn  iuTertirent 

%vit.  Jh'ol.  32  (1895).  266. 
MoNoYER.     TfieK  (/ff  m^ifvrnA     Strasbourg  1862. 
MuKiTZ  and  Qlendinnikg  (70).     Note  on  dJaatatic  actiou.    Jounu  Ct 

Soc.  1892.  688. 
MoBHis,  O.  H.  (129).     Gluuiae.     Trana.  hut.  Brew.  6  (1804).  132. 
MoiiRis  aad  Well8.    Diastase  in  jeast.     Trans.  Instil.  Breving  v.  6. 
MttLLHR.     Ann.  Agrin.  12  (1885)i  481. 
MCu.EH  (357).    LiiHdwirlh.  Vertuchsstai.  10.  27a 
MOixEB  (283).     Uober  OoDsen'ining  und  Concoiitriruug  des  menschlichoa 

Hariia.     Jawriuf.pmM.  Ckenu  81  (1800).  467. 
MilLLBR  uud  EusTEDt.    Uober  den  Einflusa  der  S&uren  und  Alkalien  auf 

da-s  Lttherfermeiit.     Ber.  d.  deut.  c/uttn.  GetdL  8  (1875).  679. 
MOlli'.h   and  Kcim'AKN.     Vomuehu  iiber  die  kliiwtlicbe  Verdauung  des 

geronnenen  Eiweisses.     MuUer's  Arcftiv  1836,  66. 
3£0ll£h  ot  Scsw'an:4.     Rij>^neucea  aur  la  digeeiion  ariificicUo.     ^iw. 

Sei.  Nat.  Xool.  (2)  7  (1837).  313. 
MOmtk  (226).    Sur  la  germination  dcs  graines  ol^agineuaes.     Armalmda 

isAuN.  etphys.  (4)  22  (1871).  472. 
Mi*NT2  (339).     HechercheH  sur  la  fermentation  alcoolique  iDtraoeUulain 

dca   Ti^taux.     Compt.  Rend.   86  (1878).  49,  and  Ann.  de  cAtm.  et 

phifs.  (6)  13  (1878).  543. 
MiJNTZ  (320).     BoussinffatUt  A^ronomie  vi.  1878. 
MOntz  ct  Marcano  (358).    Sur  1&  formation  des  terree  nitrSw  dans  lea 

nigions  tropicalos.    Ann.  chim.  et  pkgs.  (6)  10  (1887).  563. 
r.   MuscDLUS  (49).      Remarquea  Hur  Li  transformation    de  la  mati^ 

amylacfe  en  glucose  et  dextrine.     Compt.  Baid.  SO  (1800).  785. 
V.  MusccLCa.    Nouvelle  note  sur  la  transfonnation  de  I'amidon  en  dextrine 

et  glucose.     Compt.  Rend,  54  (1862).  194. 
y.  HusctrLCB  (49).    De  la  dextrine.    Anjt.  chim.  et  phys.  (4)  6  (1865).  177. 
V.  MuBOULUS  (284).    Sur  un  papier  n^tif  de  Tureo.     Compt.  Ilettd,  87 

(1874).  131 


I 


I 


*•.  MrBCTLDi*  C285).    Siu-  le  ferment  de  I'ur^    Oompt.  Rond,  82  (1876).  334. 
▼.  McsccLi^B  mid  GrOder.     Ein  Beitrag  zur  Cbernic  der  Starke.    Z«U,f. 

phyriol  Chem.  ii.  (1S78).  177. 
V.  MpRcn.rH  et  GrCber  (49).     Sur  Pamidon.     Compt.  Rend.  86  (1878). 

14B0  and  Btdl.  Sor..  Chim.  30  (187B).  64. 
V.  Mdbcvluh  und  t.  Mkbino.     UeLer  die  Umwftndlung  von  Starke  und 

Glyoijgeii  durch  Diastas,  Speichel,  Pancroaa-  und  Lebeifermcnt     Zeit. 

f.phjfnol  Chtm.  2  (187H).  403. 
T.  MffiCULCs  ot  V.  Merino.     Pe  I'nctiou  de  la  dia-stase  de  la  aalira  ot  du 

sue  pane  sur  Tamidon  et  aur  le  glycog^iie.     BaU,  de  ia  Soc.  Chim.  de 

Paris  T.  XXXI.  No.  3.  1()5. 
M1TB8I  (209).     Cnuliiia,  a  proteolytic  enzyme  iu  the  Fig  (Firus  Cartea), 

VOrtm  Nov.  1890.  364.    Alw.  in  Pharm.  Journ.  3  ser.  SI  (1890-1).  66a 

T.  Nameli,  C.  (&).    Theorie  der  Gahrung.    MUnchen  1897. 

Naorci,  W-     BeitrJige  znr  Kenntri**  der  Starkegrupiie.     Leiprig  1874. 

Nakse.      Untersufhungoii    iibcr    die    ungefuraitcu     Kermeute.     PjtU^t 

Arch,   U.  (1876).   138. 
Nausk  (64).    Honiorkungen  nur  PhyBlologie  der  Kohlehjdrate.    PfiUga't  _ 

AkJUv  14  (1877).  477.  I 

Nabse.     FcrnientprooeMe    unter    dem    GtDfluss   von   Gacten.     P^Uge*** 

Anhiv  15  (1877).  471. 
Nasse  (42).     Zur  Anat  und  Physiol,  der  quergoatreiften  Muskolauhatanj;. 

Leipzig  1882. 
Kassb  uiid  Krabiu.     Bemcrkungcn  zur  Glykolyso.     PfiUger't  Archiv  63 

(1896)u  20a 
Nkitcu.     Uel)er  die  Zersetzung  der  <}elatine  utid  dea  Kiwetsaos  bei  der 

FStilniaa   mit   Pancreati.     Bern    1876.     Ab«.    in   Jahre^ter.   f.    THier- 

chetnie  6,  31. 
Nkkcki  flSft).     Znr  Keiuittiiss  der  iwnkreatiachen  Verdauungsjirodncte 

dcM  Eiweitaea.     Ber.  d.  iL-nt.  chem.  Geaell.  2C  (1895).  6W.  _ 

Nbumkioter   (170).     Zur   Kcnntniaa  der  Albinnoeen.     ZA.  f.   Biol.   23   I 

(1887).  381. 
Nkumeister.     BemerkringOD  nxr  Chemie  der  AlbiimoHeii  und  Peptone. 

Ze'tt  /.  Biol  24   (1888).  267. 
NsvuBisTER  (173).     Ueber  die  nijchato  Einwirkur^  gespaimtcr  Woaser- 

dfimpfe  anf  Protema     Zeit./.  Biol.  26  (1890).  57. 
NErMEisTER.     Ueber  die  Reoctionon  der  Albumooen  und  Peptone,    Zeit. 

f.  Biol.  iQ  (IS90).  324. 
NsuifRIBTER.     PhysioL  Chem.  1893. 
NBriiBlBTKR  (207).     Ueber  das  Vorkommen  und   die  Bedeutung  oinea 

eiweiHsIuseudon   Enzyms  in  juj?endllehen    Pflanzen.    Zeit.  Biol.  SO 

(1894).  417. 
NlUMKi-tTKR.     BermErkiingcn  «u  Edward  Bnchner'a  Mitthoilangou  ttbw 

"Zymase."     Ber.  d  deut.  eAtm.  OeMll  30  (1897).  2963. 


BTBLTOaRAPHT. 

Okiml's.     Ph^uoiiiL'iieH  cons^nitirH  k  la  dialyae  des  cellules  de  la  lenm  dr 

bi6re.     Compt.  Rend.  119  {\9&A).  479. 
OsDoiuiE,  T.  R  (398,  401).    Tbe  Chemical  Katore  of  diaoUse.    Jwru, 

Amer.  Chem.  Six-.  17  (189fi).  687. 
Osborne    and    Cuipbkll    (401X     Tbe    Chemical    Katoie    of  diartMo, 

Jottm,  Avter.  Chem.  Soe.  18  (1896).  a36. 
Obborve  and  Campbbix  (908).    Thi>  protcida  of  malL   Jwm,  Amtr.  CSfaiji^ 

Soc.  18(1896).  542. 
OsTWALD.     Ber.  d.  Sdcfa.  Qe*.  d.   Wiss.  1894.  337. 
0*S[TT.LITAN,   C   (49,   50).      On   the  traimforrnation-products   of  StAToh. 

Joum.  CAfm.  Soe.  Tratu.  1872.  679  and  1879.  770. 
O'Scr.LiVAN,  C,  and  Tom-sos  (1 17,  405).     Tnvertane,  a  contribu^OD  to  the 

history  of  an  enzyme  or  nixngaiused  ferment.     Joum.   Chtm.  Soc 

TVaiu.  67  (1890).  834. 
O'SoLLtVAS,  J.  (112).    The  influence  of  germination  upon  tbe  coiutitueot« 

of  barley.     TVtnu.  Laboratory  Clvb  in.  5  1890. 

Pi.8TErR.     MiJmoire  sur  la  fermentation  appel^  lactique.     Anm,  A  cMvt 

et  de  phjf».  3*  aor.  T.  52  (ISM).  407. 
FASTErR.     De  rorigine  des  ferment&     Compt.  Bmd,  60  (18tK)).  849. 
PAaTEun  (4).     Mtimoire  stir  U  ff>nnentation  alcoolique.     Antt.  d«  chim.  *t 

p/iy$.  3*  ser.  T.  68  (1880).  323. 
PASTcnn.     Sur  lea  ferment**.     Buit.  Soe.  Chim,  1861.  61. 
Pabtkuh.     Sur  la  fermentation  Tisqueuse  et  la  fermentation  batyriqne. 

BmU.  SiK.  Chim.  1861.  30. 
Fasteub.     Kote  sur  un  m^moirc  de  M.  Liebig,  relatif  ouz  fermeatations. 

Ann.  cKim.  et  pAyt.  4  ser.  T.  26  (1872).  146. 
Pastecr.     Faits  nonveaux  poiir  servir  k  la  connaiBitance  de  Im  thtorie  Am 

fermentatioiis  projirement  dite«.     Compt.  Rend.  76  (1872X  784. 
Pasteur.    Sur  la  production  de  I'aloool  par  ]ea  &uit&     Compt,  Rend.  76 

(1872).  1054. 
Fautz  und  VooRi.  (128,  135, 138).    Peber  die  Einwirkung  der  MagMi-  mid 

DormEcbleimhaut  auf  einige  Bioscu  und  auf  Raffinose.     JSin'r.  Biof.  33 

(1895).  30-t. 
Pavy.     Phyaiology  of  the  Carbohydraten.     London  1694. 
Pavy  (40).    Hepatic  Qlycogenesia.    Jottmal  of  Phytiology  xxn.  (1898).  391. 
Pawi,ew8ki  (397).     Ueber  die  Unaicberhcit  der  Guajak-Rcaction  auf  wirk- 

same  DioatAse.     Ber.  d.  dent,  chtrm.  Oen-Jl.  30  (1897).  1313. 
Paten.    Analyse  de  la  portie  corticale  de  I'Ailantbun  glandulott^     ^hn. 

de  chim.  ftp/tyt.  (2)  26  (1824).  329. 
Payen  (279).    Rfcueil  ile*  eavartts  ^rangm  (0)  (1846).  148. 
Patem.     Note  sur  b  rocine  chamue  du  oerfenil  bolbeux.     Compt.  Hmd. 

43  (1856).  769. 
Patem.    Reaction  de  la  Diastase  aur  Ia  eabatAnce  amylacw  dans  diflf^rentea 

conditions.     Ann.  chim.  etphyt.  (4)  4  (1866).  386. 


BrBLIOGRAPHT. 


I 


Patkn  et  Pkrsoz  (6,  15,  49).     M^moire  sur  U  dioHtafte,  \&s  principaux 

produitH  do  sou  n^tiouH  et  leun  Applicatlouii  &ux  axia  iuduHtrielti. 

Ann.  de  chim,  et  ph^».  uir.  (1833).  73. 
Perelrarikq  (256j.      Virthou^t  Fef-ttchrift  1891.  Bd.  1. 
Pekelhahino    (253,    256).      Uutcrsuchungea    liber    das    Fibria ferment. 

Verhand.  d.   fCoii,  Akad.  v.    Wet.  Amsterdam   1892, 
Pbkelbarino  (263,  3©1,  409).     TJelKir  die  Bezichuiig  den  FibrinfermeDta 

dee   BhitsoniDati    zuu    Niicleoproteid    deu   BlutplaHiuns.     Du    BoU- 

Hetfimmdt  Arckiv  1895.  213  mid  CeHtr.  Phytiol.  9  (1895).  102. 
PEKELHAnrNQ  (178).      Uebcr   cine    neue  BcreitungBWoiae   des   Pepatns. 

Zeit.  phjftial.   Cfifim.  2-2  (1896).   233. 
PEKKLHATtrNri  (200).     Uebcr  dfut  VorliandcnHciii  cities  Nucleoprotold»  iu 

MuskcUi.     Zeit.  phenol.  Cha}\.  22  (IRIW).  245. 
Pebdris  (326).    Sur  Xva  fenueDtatioti)*  produites  yax  lui  roicrolw  anaerobic 

(Bacilim  am^lozyfiw).     Ann.  da  Vlnstitut  Fa*ienr  H  (1891).  28". 
Peters.     Untcrauchungcn  Uber  das  Lab  und  die  labShnlichen  Fermonte. 

PretMchri/t.     Rtwtotrk  1894. 
Petit  1^26,  72).     Vfiri/ktion.**  dm  uuitiirea  micrdct  pendant  la  germiDatiou 

de  I'orge.     Compt.  ll-nd.  120  (1895).  687. 
PntTFKR.     SiUiter.  d.  Konig.  Sticks.  Oet.  d.  Wiu.  1893.  1192. 
PrXFPBR  (32,  71,  374).     Ueber  die  rogulatoriacbu  Btldung  von  Diuatase. 

Bar.  d.   math.-phtfs.   Clajue  d.   Kim,   Stich*.   OtwU.  der   Wi*tfn*ch.  ru 

Uipsig  (1896).  513. 
pFKrFEit.     Bifd.  Cevtr.  1897.  26  400  from  Ber.  math.-phya.  Kl<utt  Kgl. 

Sdcfix.  OtmlL  HV**rH.  Leipzig. 
PxAri  et  PoRTiBft.     Stir  la  preHcnce  d'uuc  oxydase  dans  \ii»  branchies,  lea 

pttlpcH  et  le  sang  den  Awphiilcs.     Compt.  Bend.  123  (1896).  1314. 
T.  Planta  (109).     Uebcr  den  Futtentaft  der  Bienen.    Zeit  physiol.  CAern. 

12(1888).  327. 
Poporr.     Uebcr  die  Kiiiwirkuiig  vtJii  ciwciMvorciaiieiideu  Fermenteu  auf 

die  Nuclelostoflc.     Zcit.f.  physiol.  Chfm.  18  (1894).  533. 
Fortes  (142).     Iteuheruhee  sur  les  amandea  amferoa.    Joum,  da  Pharm. 

ftCkim.  26(1877).  410. 
pRETii.  (34,  128).     Uebor  Qowinnung,  EigeDschafUjii,  und  Wirkungen  dea 

Dariusaftea  vom  Schafe.     Pthiga^a  Aixhtv  ttl  (18»5).  359. 
Pboctkr  (158).     ObHcrrationM  un  thu  volatilo  oil  o(  BetuJa  lenta,     Amer, 

Jovm,  of  Phtirmaof  15  (1844).  241. 
PnDMBT  (22).    Sur  le  nn^nismo  de  la  dissolution  do  Tamidon  doos  la 

pUnte.     Compt.  Rend.  115  (1892).  751. 
PrniBwiTHca  (30).     Uebcr  die  ttelhstth^tigo  KiitleGning  der  ReacrvBstoff- 

iiebidtor.     Ber.  deut.  hot.  OtMll.   14  (1896).  p.  207. 
PcBiEwiTSCH.     Pbysiologiiiche  Untcrsuchtuigen  Uber  die  Entteerung  der 

Reaervoatoffbchiatcr,    Pringiheim'a  Jahrb.  VoL  31  1897.  pi  I. 


QuxVBNNK  (4).    ^tudc  microMOpiquo  et  chimique  du  Ferment,  sulTie 
o.  F.  30 


466  BIBLIOGRAPHY, 

d*exp^rience8  sur  la  fermentation  alcooliqucL    Joum.  de  Pharm.  (2) 
t.  XXIV.  (1838).  266. 

Rachford  (223).    The  influence  of  bile  on  the  fat-splitting  properties  of 

pancreatic  juice.    Journ.  of  Physiology  xii.  (1891).  72. 
Reinitzer  (103,  395).     Ueber  die  wahre  Natur  des  Giunmifennentes. 

Zeit.  physiol.  Chem.  14  (1890).  453. 
Reinitzer.    Ueber  daa  zellwandlosende  Enzym  der  Gerste.    ZeU.  physid. 

Chem.  23  (1897).  175. 
Reiss  (100).     Ueber  in  den  Samen  als  Reservestofi*  al^elagerte  Cellulose 

uud  eine  daraus  erfaaltene  neue  Zuckerart,  die  *'  Seminose."    Ber.  d. 

dent.  chem.  Oesell.  22  (1889).  610. 
Remitzen.      Ueber  das  zellwandlosende  Enzym  der  Gerst&     Zeit,  f. 

pkytiol.  Chem.  23  (1897).  175. 
Retchler  (391,  402).     La  saccharification  diasta^ique.     Bull.  Soc.  ckim. 

Paria  3'  8<Sr.  t.  1  No.  5  286,  also  Ber.  d.  deut.  chem^  Oesell.  22  (1889). 

414. 
Ret-Pa.ilharde  (294).     Rdles  respectifs  du  philothion  et  de  la  laccase 

dans  les  graines  en  germination.     Compt.  Send.  121  (1895).  1162. 
Riceet  (345).     De  la  fermentation  lactique  du  sucre  de   lait     Compt. 

Rend.  86  (1878).  550. 
RiCHBT.     De  quelquea  conditions  de  la  fermentation  lactique.     Compt. 

Rend.  88  (1879).  760. 
Richet.    De  la  diastase  ureopoliitique.    Compt.  Rend.  Soc.  Biol.  S.  i,  1 

(1894).  525. 
RiDEAL  (204).    Some  notes  on  paptiVn  digestion.    Pharm.  Joum.  3  ser.  34 

(1893-4).  845. 
RiDEAL  (204).     The  conditions  of  papt^n  digestion.     Pharm.  Joum.  3  ser. 

25  (1894-5).  183. 
RiESs  und  Will.     Eiuige  Bemerkungen  ilber  "  fleiscbessende "  Pflanzen. 

Bot.  Zeit.  (1875).  713. 
RiNOER  (256).    The  influence  of  certain  salts  upon  the  act  of  clotting. 

Joum.  of  Physiol,  si.  (1890).  369. 
Ringer  (238).    Regarding  the  action  of  lime  salts  on  Casein  and  on  Milk. 

Journal  of  Phytiol.  XI.  (1890).  464. 
Ringer  (238).    Further  observations  on  the  behaviour  of  Caseinogen. 

Journ.  of  Physiol.  XIL  (1891).   164. 
Roberts  (235).     Note  on  the  existence  of  a  milk-curdling  ferment  in  the 

Pancreas.     Proc.  Roy.  Soc.  29  (1879).  157. 
Roberts.     The  digestive  ferments.     Lumleian  Lectures  1880. 
Roberts  (63,  188).    On  the  estimation  of  the  amylolytic  and  proteolytic 

activity  of  pancreatic  extracts.     Proc  Roy.  Soc  32  (1881).  145. 
RoBiQUET  et  Boutron  (141).     Nouvelles  experiences  sur  les  amandes 

am^res  et  sur  I'huile  volatile  qu'elles  foumissent.     Ann.  de  chim.  a 

phy$.  44  (1830).  352. 


BIBLIOGRAPHY. 


4C7 


BoBtQUCT  und  BocTBON  (Ul).  GceohichlUche  Darstellung  der  Arbeiten 
ilber  die  bitloreu  Mandcln,  aebst  eiiiigen  Betrachtungen  Uber  die  io 
den  Aniial.  der  Phiirmac.  Hd.  xxii.  S.  1  enthalteue  Abliaudluug  vou 
Wtihler  und  Liebig.  Joum.  de  Pharm.  23  (1837).  0«9  aod  Liahig't 
Arnwl.  as  (IflSB).  170. 

RdHVAKK  (34).  Zur  Kcnntniss  des  diaetatischrai  Fenuenta  der  LTmphe. 
Pjiiiffet^*  Arefiiv  52  (\m5,).  1^7. 

BiSaUAMX  (127).  Zur  Kcnntnias  der  Qlucaae.  Bar.  cL  dtut.  cAtfm.  Oe»ell. 
27  (1894).  3251. 

BdHMANK.  Zitr  Kenntnise  der  bei  der  Trvi>ninverdauung  aus  dem 
Casein  cuttrt«henden  PriKlukte.  ikr.  rf.  deitt.  cMwn.  QudL  31  (1898).  2188. 

ROaiiANN  und  Latpe  (13W).  Uebur  die  Lacta»e  de*  Dunndamis.  £tr.  d, 
deut.  cAem.  (retell.  28  (18&5).  2506. 

BoiXESTON.    Fonu8  ofaaiuial  life.    2ud  edu.  1888. 


DU  Sabwin,  Leclerc  (23<J).     Sur  la  germination  des  graioee  t^^tgineusea. 

/f«.'.  ff^n.  dt  HotaninjLc  189rj.  145. 
8achs  (22f>).     Uebcr  das  Auftrctcn  der  SUirke  bei  der  Keimung  ttlhaltiger 

Satuuei].     Boi.  Ztit.  1859.  ITS  ct  acq. 
Sachs  (97).     Zar  KcimuDgsge«chichto  der  DatteL     BoL  Zeit.  1862.  241. 
Sachs.    Eiii  Beitrag  zur  Keiii)tuis.s  der  Kruahrungathatigkeit  der  Blatter. 

Arlmt.  d.  Bot.  hut.  in  Wurzlrar^  3  1884.  I. 
Sachs.     Lectures  on  the  Physiology  of  Plants.     Eng.  Trans,  by  Mnrshall 

Ward.     Oifoni  1887. 
St  JEsrrra  (21).      Verhandl.  Ai-ad,  WUt.  ATfai^u  1893. 
Salkowskl     Ueber  das  eiwelssltiseude   Feniieut  der   KiiiUnissbakterieQ 

und  M!iite  Kinwirkung  auf  Fibrin.    Zeit  UioL  25  (18S0).  92. 
Salrowhki  (41).    Nutiz  Uberdas  diastj^dcho  Ferment  der  Leber.    PjtUge^i 

.-(rcAir56(1894).  351. 
Salkowski   und   Katsu^iaucro  YAitAuuvA  (311X     Zur  KenntniM  des 

OxydAtionafcrments  der  Gewcbe.      Virchovft  Archiv  147  (1697).  1. 
Salter  (380).     Contributions  to  a  fuller  knowledge  of   starch  grains. 

Thrtia  for  dvyree  of  D.Sc.     London  1898. 
DE  Saussl'RE  (3).     Xouvcllos  observations  sitr  U  composition  de  lalcool  et 

de  I'^ber  sulphurique.     Ann.  dt-  c/u'mie  80  (1814).  273. 
ScHAFER  (255).     Experiments  on  the  eonditions  of  congidAtlon  of  fibrino- 
gen.   Proc  Fkjftiot.  Soc.    Joum.  of  Physiol.  xviL  (1895).  p.  xx. 
ScBEiBLER.      Vurlnufige    Mitthoihing    Ubor    die    Motapectinsituro    aus 

ZuckerriJl«n.     Btr.  d.  dcui.  chtm.  GcmII.  1  (1868).  68. 
SonETBLER.     Zeitm:h.f.  ttiibvutarker  Industrie  1874.  300. 
ScatPr  (192).     Lo9ons  sur  la  PhyHiologie  de  la.  digetitioiL     Paris  \8ff7. 
SoBlPFBRKR.      Ueber  die   nicht    kr^rittnllisierbaren    I*roduktc   der    £tn> 

wiricung  der  Diastase  auf  Starke.     Inaug.  l>i»M.     Kiel  1892. 
ScKiMpKR.     Uebor  die  BlWung  und  Wandening  der  Kohlebydrate  in  den 

Lftubblattem.     Bot.  Zeit.  188&  738. 

30—2 


468 


BrBUOORAPHT. 


ScHLKiCHBRT.     Die  diautat.  Kermeatc  ti  PHonzon.     1893.  p.  85. 
SCHLEsreOER.    Zur  Ketiiitiustt  der  dijititati»clieii  Wirkimg  den  meuach 

Uchoii  SpeicbcU,  iiebst  AbrisH  der  Qottckicbtc  dieeas  G^ODataudea, 

Virchow's  ArcAiv  125  (1891).   140  and  340. 
BoHJAiEaiNU  et  McNis  (357).     Recherubea  bur  la  Ditrification  pur  les 

fciraimita  organifM-ii.    Compt.  /CntdL  B4  (1877).  301;  8G  (1B77>  1018;  86 

(1878).  892. 
8cBi.oR8iKa  t:t  MCntz.    Kucherchea  itur  Ib  nitrLficaticm.    Compt,  Bout, 

RO  (1870).  891,  1074. 
8cbmiivt(3U).    HaudwOrterbuch  der  Chemie.     1848, 
Schmidt,  A1.  (249).    WeitcroH  iilier  den  FaserBtuff  und  die  Ureocbeu  seiner 

QcrioDUiig.     ArcLj,  Anat.  «.  P/iyt.  1862.  438,  63a 
SOHUIDT,  AL  (3-19).    Xeuo  Untcnuchungen  iiber  die  FaficretofTgerinuung. 

PJlngvr^a  Archiv  0  (1872).  445,  157. 
ScHifiDT,  R.  H.    Uebcr  Auriiabwe  iind  Verarbeituug  von  fiiiteo  Oelen 

durch  Pflanrcn.     Flora  74  (1801).  304^ 
Sciuiidt-MOlhkih.      Bvitriige  zur  Kenntuiss  des  Peptona  and  seiiier 

]iliyHiologiitchc]i   Uodcutung.      IH  Bou-fleymoHd't  Arch.  fkyM.  1680l 

33. 
ScauiEPEBDUO,  O.  (S88).     Uober  SpaJtungen  und  Sjntheeen  im  Thier- 

krtiiKir,     ArcL  Exp.  PiUL  Pkann.   U  (1881).  379,  Histtixyuie  382. 
ScnNEEQANs  (158).    Botulose,  oin  in  Bctula  lettta  cutfaoltencs  Ferment, 

Pharw,  Cmtr.  38,  27,  1896. 
ScBNEEOAKa  und  Uebock  (158).     Ueber  GnuJthonn,  ein  ueuee  Qljkoaid 

aus  Betuia  Unta  L.    Areh.  der  Pharmacy  1894.  437. 
ScR<EHBEix  (297,  396).     TJobor  Ozon  und    Ozonwirkungen   in    Pihen. 

Philomph,  Mag.  XI.  No.  70,  p.  137. 
SoHRorrEU.     Boitrago  zur  Kenntniss  der  Albumnsen.     ^onaUtJuf.  Chenu 

Wien  16  (18&5).  609  and  17  (1896).  199. 
SohQtzenberrer  (5,  226).     Loa  Fermeniattoiia.     6th  ^i.     Bill.  Sci.  lot. 

Paris  1896. 
SchCtzbnbbroer  (174).     Recherchea  aur  la  conatitution  chimiquo  das 

poptoDca.     Compt,  /iffnd.  115  (1892).  20B,  764. 
SCHULK  (344).    Jourti.  /.  pralt.  CAem.  87  (1 862). 
ScHULZK    uiid    BAiiniERi.      Zui-  BeEttimniung  der  EiweiasstoSe  in  doB 

Pflaazcn.     Landw.    VvrxwhMat.  26  {1881}.  213. 
ScBUMBEHU.      Ueber  daa  Vorkooinien  dee  Labfvrmoiitii  im  Mageo  das 

Menschen.     Virchovf$  ArcMv  97  (1884).  260. 
ScHUNCK  (165).    On  Rubi&n  and  its  prodocts  of  dooomixisition.    PkiL 

Traiit.  1851,  43a 
ScHnscK  (155).    Erythroxyme.    PhU.  Trant.  IBSa  74. 
Schwann  (4,  414).    Vorlfliutigo  Mittbeilung  betreflend  Vemiche  Qber  die 

VV'eiiigiihruiig  und  Faulniss.     Poggtndcrft  Ann.  41  (1837).  184. 
Schwann  (und  Mulleh)  (0).    Versucfae  (iber  die  kiimtliche  Venlauung 
d&A  gcTonnenon  diweisaes.     Millsr'*  Arekiv  1836.  66. 


1 


BIBLIOOBAPHY, 


469 


Schvavn    (et    MOller)  (6).     Kx]>^iei)ceH  sur  la  digOHtiun   ortificielle. 

.-Inn.  Set.  iVtU.  ZooL  (2)  7  (1837).  313. 
ScirwEDEK,  C.  G.  (182).    Zur  Kontitiiias  der  Qlutiiiverdauung.     BtMert. 

B«r!iti  1867.      VircAo^'s  JtihrafffncAt  1867.  Bd.  1   152. 
ScHWiENiNG  (4ii).    Uebor  formoiitatiTC  Projsease  in  den  Organon.     Virckow's 

Archiv  13«  (1894).  444. 
BCEOES  (61).     Telwr  die  Uinwandlung  von  Ql^cogen  durch  Speichel-  und 

PancrooAfcrment.     PfiUger't  Areltiv  ID  (1879).  106. 
Seegek  (308).    On  the  glycolytic  action  of  bloud.    C€Htr.  Ph^tioL  6,  621, 

860. 
Seboen  und  Kratschuer.     Zur  Kcnntnlss  der  saccbAri6cireDden  Fer- 

uiento.     Pjtiiffcr^i  ArcJnc  14,  593. 
Skeoen  und  Krat»chu£R  (39).     Die  Natur  des  LeberzuckcrH.     Pfiufftf'§ 

Archiv  22  (1880).  206. 
SEtrKKHT.     Untciniuchungen  iiber  Gerate  und  Mali!  Dia^taw.    Zeit.  f.  d, 

g«*.  Bmuvegen  18GB. 
Sharp,  Gordon  (203).    Pajiafn  digestiun.    PharmaceiUical  Journal  3  tier.  24 

(1883-4).  633. 
Sharp,    Gordon.     The   action   of   papain  on  ogg-  and  aDmm-idbumln. 

Pharm.  Jovm,  3  ser.  24  (1893-4).  "57. 
Shari',   Gordon.     Papainverdauuiig :    Viillige  Abwenenheit  von   Pepton. 

Uelier  Pajiatn.     Chtm,  Cctttr.  1894.  I,  612. 
Sborf.,  L.  K.    On  the  cficct  of  peptone  on  the  clotting  of  blood  and  Ijmph. 

Joum.  of  Physiol.  XI.  (189*0-  'i'*^- 
SiGMUKD  (161,  229).     Utiber  fctt^paltcnde   Fcrmente  int   Pflonzcnrciclro. 

MonatM.  /.  C'hfm.   Wien  II  (1890),  272,  also  SitiKHff$bfr.  der  k.  AJkad, 

der   WiM.  in    Wien  99  (1890).  407  and  100  {1891).  32a 
StdMUNT).     Beziebungen  zvischen  fattep&l tendon  und  glycosidapaltondon 

Feriocntcn.     Siuber,  d.  k.  AJtad.  d.  Wis*,  in  Wien  101  (1892).  &49. 
SuFTH,  F.     Analysis  of  Saliva  of  burse.      Veterinary  Jounial  28  June  1668. 
SoxHLKT  (242).     Beitr^c  nir  physiologiaolieii  Cfaeroio  der  Milcb.    Joum, 

f.  pralt.  Cfiem.  (new  ser.)  6  (1872).  1. 
SOXHLICT  (12  10).  ifi/fJiXeitung  1877.  573. 
SOXBLKT.      Hunirui     Milk    and    Cow'ft    Milk.      MiinrJunur    Mediciniiche 

WoeJien»ftriJi  1893,  trans,  in  Pharm.  Joum.  3  acr.  23  (189^-3).  785. 
Sfat:e|[:r.     Uebor  Aaa  Auftreten  und  die  pbyHioIogiftcbe  Bcdeutuiig  dos 

Mynwins  in  dor  Pflanza     Pritujiheim't  Jahrb.  25  (1893).  39. 
SpiTZEH  (310).     Die  zuckerzcrutOrcnde  Kraft  doH  Blutee;  und  der  Gowobo. 

PjHiHern  Arch.  60  (1895).  303. 
SprrzER   (3U,   410).      Die  Be<lmitung  gcwisBor  NucleoproteTde  fiir   die 

oxydative  Loietun^  dor  Zelle.     PfiOger^t  Arckiv  67  (1897).  615. 
Stadbi.max?i.     Ueber  Ferroente  im  nomialeii  Hame.    ZeiL  f,  JJiot.  24. 

(1888).  228. 
Stone  (24).    Action  of  enzymes  on  atorcfa  of  different  origins.     OJioe  of 

£xpt.  Stat.   U.  8.  AgricxUimrul  DepartmetU  34  1896.  a&-44. 


470 


BIBLIOGRAPHY. 


SuxDBKna.    Bin  Beitrag  nir  KeuDiniss  des  PepniUL    Zrit  f.  fthf 

Chtm.  IX.  C18ft5).  319. 
Skilahtl     Uebor  DiuUse.    Zeit.f.  g.  Brauwetm  1881.  366. 


Tait,  Lairoon  (311).     Insectivorous  plfuite.    Mature  12  (1876).  SGI. 
Tammavs.    Pie  Reactionon  dcr  ungcformteii  Femiente.    ZtH,  f,  p^/rioL 

C/ufm,  10(1892;.  271. 
Tammaxn.     Ziir  Wirkung  tingeformter  Kennente.    Zffit,  /.  phytik.  C%«M. 

28  (18&5).  4*6. 
Tappetker.    Ueber  Celltilosevcrdauung.     Ber.  d.  d«ut,  thorn.  OamlL  lA 

(1882).  999. 
Tappkineb.    Ucber  CdliUoBC^Chningea.    Ber,  d  dtut.  cAem.   OtmiL  16 

(1883).  1734. 
TAPPKiXEn.      Ueber   die  Sumpfgosgiihrung    iiii  Sobliunmo    der  Teicho, 

SOoipfo,  und   Eloakeii.     B^.  d.  de^.  chem,  OtaeO.  16  (lasS).  174a 
Tappein'Ek.    UntcrauchuDgen  tiher  die  Gahruog  der  CbUuloee  iusboaomicre 

Uber  deren  Uteung  im  Dftnnlauuil&    ZeiLf.  Biol.  xx.  (1884).  S3. 
Tappeiniir.     Untenmcbungen  iiber  die  KiwciHsfdulniw  im  Dannkuulo 

der  Plaiuen&onter.     Z,iU.  f.   Biol,  20  (1884).  215. 
TAPPEtMRR.     Xachtnige  ni  den  Untennichungen  (ilwr  die  Gahning  dv* 

Co1lido«&    ZeU.  f,  BioL  xxiv.  (1888).  10&. 
Tebb,   'Siisa  (AS.  128).    On  the  tnosfonnatioo  of  MaltoM  to  Oluoosb 

Joum.  of  Pk^ttotogy  xv.  (1894).  421. 
TsB%  llin  (60).     Uydtulytua  of  Oljoogon.    Jburn.  of  PhgwifUoyy  xxn. 

(1896).  423. 
Th^kard  (3).     Sur  la  fermentation  Tineiisc     Ann.  d<  CAimie  t.  46  (1603). 

224. 
ThosiA  (_\4S),    Uober  das  Vorkommen  des  Araygdjtlius  und  des  Emolsim 

in  den  bittern  Mandelu.     Bot.  Zeit.  1865.  24a 
Tiedeuans  und  Omelik  (182).    Die  Verdauung  oacfa  Versudien.    Heidel- 
berg 182t>.  Bd  L  171. 
TiKORL.     Utilwr  edue  Fenuentwirkung  d»  Btutes.     P^^iigm'*  JtvJkir  6 

(1872).  249. 
TnoBOTEur  (211),    Die  Rolle  der  Hscberien  bei  der  Ver&idemng  der 

KiweisMtoffe  suf  den  Blattem  von   Pin^viatla.    Bcr.  J.  deut.  hot, 

OttdL  7  (1889).  346. 
TtBCRLTKW  (211).     Ueber  die  RoUe  Jer  Miknarganisnian  bei  dor  Er- 

nfthmng  der  ioidctenfiresBeoden    HlAiiKen.    Ar6eiL  d.  Si  Ptttnbwy 

natvrf  GmbU.  1891.    Abn.  in  Bot.  Qmtr.  60  (1882).  304  aod  &S  (1883> 

322. 
ToLLEXtL     Ueber  die  Constitution  der  Pectinstoflh.    £M^9  Jnmal«m  tW 

(1693).  292. 
ToLLCSS  nod  Gaxz.     Oeber  Quellen  und  Salepadtleim.    LiM^t  J—afl 

248  (1888).  24A. 
ToLOMBi  (306).    BmI  Acad,  Ltne.  189a  &»  1.  £2. 


BLBLIOGKAPBY. 


471 


Tr&ubb,  M.  (420).   Zur  Tlieoriu  der  (jalinings-  tind  VorwestiDgs-Enicbeia- 

ungon,  wio  dor  FormentwirkmigCD  iiberluiupi.     Pogijend.  Annal.  103 

(1858).  331. 
Tbacbe,  M.    Zur  Tbuorie  der  FermeDtwirkungen.    Ber.  d.  <hut.  cAem. 

OeKlL  7  (187-lJ.  115. 
Tbaube,   M.     Die  cbemiauho  ThfMjrie  dcr  Kermeutwirkuugeu   und    der 

ClieiuiMiiHiM  der  lloHiiimtioii,    Her.  d.  d^ut.  ehem.  Oettil.  10  (1877).  1984. 
Tr£Ub  (161).    8iir  In  UicalisAtioii,  le  tmnHjiort  et  le  r6lo  de  I'acide  cyanh/- 

driquo  dans  le  Pantjium  eduU.    Ann,  du  Jardin  hot.  d«  Buitentorg  13 

(ifl»5).  1.. 
TroDT  and  Manning.    Human  auoous  ontericus.    Gu^*  /fotpital  Rep.  4B. 

271. 
Tdr?in  {4).    Sur  La  cauae  et  l«s  efiets  d«  la  formentatiou  alcoolique  et 

ae^teaae.     CompL  Rmd.  7  (1838).  369. 

Ui.RiCH  (.^5).     Chem.  Zeit.  1805.  19,  1523. 

Van  TiBuacM  (283).     Sur  la  fermentatiou  amnioniacale.     Compt.  Rend. 

&8  (1H«4)  D33. 
Van  Tjeuhku.     Recherche)  phyMioIogiques  but  la  germination.     Ann.de* 

Sc.  Sat.  \h)  17  (1873).  205. 
Van  Tikcheh  (^4).     Inversion  du  sucre  de  caiiiie  par  le  iMllen.     Bidl. 

Soe.  Bot.  de  France  33  (1886).  210. 
VatlE8TI:kb.     Cuntributluu  k  Vvtude  de  la  diastase.     BuU.   Acad.  Roy. 

Bpttf.  (3)  24,  577. 
VioNAL  (31,  S*i>.  a  17,  247).     Contribution  \k  I'dtude  dea  bactt^rioctios.     TVi^w 

piiur  le  dociorut-is-tcience*  HatuntlUs.     Paris. 
ViNE8  (211,  3dO}.     On  the  digeative  ferment  of  N>peuthea.    Jovm.  Linn. 

Soe.  {Dot.)  16  (1877).  427. 
ViNBit  (19).     On  the  presence  of  a  diastatic  ferment  in  green  learea 

Anwih  of /iolntiy  1891.  409. 
Vines  (212).    The  proteolytic  enzyme  of  Ko[teiithcA.    Annalt  of  Botany 

11  (1897).  663. 

Warc,  MoTHhall  (89).    A  lily  disease.    Ann.  of  Botany  2  (1888).  319. 
WaBii,  MarshiLlI   (33L).     The  Ginger-beer  plant  and  ttie  organiauis  oom- 

pcmiuj;  it.     P/id.  Trans.  Roy.  .Siw.  B.  1892.  !25. 
Ward  (Maraball)  and  DuNLur  (157).    On  t»ome  points  in  the  biatotogy 

and  phyeiiol<igy  of  tito  Fruits  and  Seeds  in  Rhaniuua.    Ann.  of  Botany 

I  (1887).  1. 
Ward  (Manthalt)  and  Ooeen  (Reynolds)  (323).    A  Hugar  bacterium.    Proe. 

Roy.  Sot:.  Mar.  9,  1899. 
Warrinoton  (358).     On  Nitrifieation.    Journ.  Chem.  Soc.  1878  p.  44,  1879 

p.  420,  1884  p.  «37,  1891  p.  484. 
WAaHCitzuu  (115).    Sur  la  production  de  rinvertino  cbez  quclquca  obam- 

pignuiis.     Ann.  de  I'Inatitut  Patteur  I  (1867).  025. 


472  BIBUOGRAPHY. 

Watson.    Notes  on  the  effect  of  alcohol  on  Saliva  and  on  the  Chemistry  of 

digestion,     i/bum.  Chem.  Soc.  Trans.  1879.  639. 
Wehmsr  (349).     Preparation  d'acide  citrique  de  synth^  par  la  fermenta- 
tion du  glucose.     Compt.  Rend.  117  (1893).  332. 
Went  en  Frinsen  GEERiiiaa.    Over  suiker-  en  alcoholverming  door  or- 

ganismeu  in  verband  met  de  verwerking  der  naproducten  in  de 

rietsuikerfabrieken.     Bot.  ZeU.  1895.  2*  Abt.  143. 
Wenz.    Ueber  das  Verhalten  der  Eiweissstoffe  bei  der  Darmverdaumig. 

Zeit.  f.  Biol.  %^  {\%m).  1. 
Weyl  und  BiBCHOF.    Ueber  den  Kleber.    Ber.  d.  deut.  chem.  Oesetl.  13 

(1880).  367. 
WiESKE,  ScHnLZE  und  Flechbig.    Kommt  der  Cellulose  eiweissapaxende 

Wirkung  bei  der  Emahrung  der  Herbivoren  zu?    Zeit.f.  Biol.  xxn. 

(1886).  373. 
WiESNER   (396).     Ueber  das   Oiunmiferment ;    ein  neues  diastatlschee 

Ferment    Sitzber.  d.  U.  N.  der  K.  Akad.  der  Wiu.  in  Wien  92  (1885). 

40,  and  Ber.  d.  deut.  chem.  QemU.  (1886).  619. 
WiGAND.     Das  Protoplasma  als  Ferment-organismus.     Marburg  1888. 
WiJSMAN  (59).     Diastase  considered  as  a  mixture  of  Maltaee  and  Dex- 

trinaae.     Bee.  Trav.  Chem.  9.  1-13. 
Willis  (413).    De  fermentatione.     1659. 
WiLSiNQ.    Ueber  die  Mengen  der  vom  WiederkSuer  in  den  Entleerungen 

ausgeschiedenen  fltichtigen  Sauren.     Zeitf.  Biol,  xil  (1885).  625. 
WiNOGBADBKT  (358,  360).    Recherches  sur  les  organismes  de  la  nitrifi- 
cation.    Ann.  de  Vlntt.  Pcuteur  4  (1890).  213,  257,  760  ;  5  (1891).  92, 

577. 
V,  WiTTicH  (46).    Ueber  eine  neue  Methode  zur  Darstellung  kunstlicher 

Verdauungsflussigkeiten.     PJluger'a  Archiv  2  (1869).  193. 
V.  WiTTiCH.     Weitere  Mittheilungen  iiber  Verdauungsfermeute.     PJliiger'a 

Arckio  3  (1870).  339. 
V.  WiTTiCH.    Weitere  Mittheilungen  Uber  Verdauungsfermente  dea  Pepeina 

und  seine  Wirkung  auf  Blutfibrin.     PjlUger'a  Archiv  5  (1872).  435. 
V.  WiTTicH  (39).    Ueber  das  Leberferment.    Pflnger's  Archiv  7  (1873). 

28. 
V.  WiTTicH.    Zur  Statik  des  Leberglycogens.     Centralb.  f.  d.  Med.    Wiu. 

19  (1875).  113. 
Wood  (217,  246).     Lahoratory  Reports^  Roy.  Coll.  Pkya.  Edinburgh  vol.  IL 
WooLDRiDGE.    On  the  coagulation  of  the  blood.    Journ.  of  Physiology  iv, 

(1883).  226,  367. 
WooLDRiDGE.     Blood  plasma  as  Protoplasma.     Arris  and  Gale  lectures. 

Royal  College  of  Surgeons,  June  1886. 
WoOLDRiDGE  (261).     Beitrage  zur  Lehre  von  der  Gerinnung.     Du   Bois- 

Reymond's  Archie  1888.  174. 
WoRTMANN  (24,  73).    Untersuchungen  iiber  das  diastatische  Ferment  der 

Bacterien.    Zeit.  pkysiol.  Chem.  6  (1882).  287. 


BIBUOGRAPHT.  473 

IVoRTMANN  (19).    Ueber  den  Nachweis,  das  Vorkommen  und  dio  Bedeut- 

img  des  diastatischeu  EDZjias  in  den  Pflanzen.    Bot.  Zeit.  1890.  37, 

582.  598,  617,  634,  659. 
Weoblewbki  (180).    Zur  Kenntniss  dee  Pepeins.    Zeit.  f.  phi/siol.  Chem. 

21  (1895).  1-18. 
Wboblewbki  (40S).    Ueber  die  chemische  Beschaffenheit  der  Diastase  und 

Uber  das  Vorkommen  eines  Arabans   in   den   Diastasepraparaten. 

Ber.  d.  deut.  chem.  Gestell.  30  (1897).  2289. 
Wboblkwski.    Zur  Classification  der  Protelnstofie.    Ber.  d.  deut.  chem. 

Gesell.  30  (1897).  3046. 
Wroblbwski.    Ueber  die  chemische  Beschaffenheit  der  Diastase  und  Uber 

die  Bostimmung  ihrer  Wirksamkeit  unter  Benutzung  von  Idelicher 

Starke.     Zeit.  f.  pkygiol.  Chetn.  24  1898.  173. 
'Wboblbwski.    Was  ist  Osborn'sche  Diastase  ?    Ber.  d.  deut.  chem.  OesdL 

31  (1898).  1127. 
Weoblewski.    Ueber  die  chemische  Beschaffenheit  der  amylolTtischen 

Fermente.     Ber.  d.  deut.  chem.  OeteU.  31  (1898).  1130. 
WuRTZ  (200).    Sur  la  papalne ;   contribution  &  I'hietoire  des  ferments 

solubles.     Compt.  Bend.  90  (1880).  1379. 
WCrtz.    Nouvelle  contribution  k  rhistoire  dea  ferments  solubles.    Compt. 

Rend.  91  (1880).  787. 
WCrtz  et  BoucHUT  (402).    Sur  le  foment  digestif  du  Carica  papaya. 

Compt.  Rend.  89  (1879).  425. 
WuHTZ  et  BoucHOT  (200).    Le  Papain.    Paris  1879. 

TosHiDA  (290).    Chemistry  of  lacquer.    Joitrn.  Chem.  Soe.  xuil  (1883). 
472. 

Zopr  (215).    Die  Pike.    Breslau  1890: 


INDEX. 


Aoacia,  98 

Acanthosicyos  borrida,  245 

Acer  pBeudO'platanns,  276 

Acetio  acid,  10 

Acetic  fenneniatioD,  361 

Aohroodeztrin,  49 

Acid,  acetic,  10 

AotinoBphffiiiiim,  11,  189,  190 

Adenine-hypoiantbiQ,  188 

Aethalium,  24,  215 

Agave,  209 

Ailanthus  glandulosa,  276 

AlbcmoBeB,  424 

Aleurone- layer,  28 

Alhagi  maurorum,  186 

Alizarin,  155,  166 

Allyl,  sulpho-cyanate  of,  147 

Almond,  142 

Amanita,  300 

Amblystoma,  382 

Amides,  422 

Ammoniacal  fermentation,  282 

Amoeba,  11,  189,  190 

Ampelopsis  qninquefolia,  276 

Amphopeptone,  169 

Amygdalin,  130,  140.  141.  142,  146 

Amygdalas  communis,  141 

Amylase,  15 

Amylobacter,  346 

Amyloin,  61 

Anagallis  arrensiB,  210 

Ananassa  sativa,  195 

Animal  diaatase,  33 

Anthozymase,  108 

Antialbumate,  163 

Antialbumid,  163 

Apples,  305 

Arabinose,  99.  104 

Arbutin,  142,  146 


Armeniaca  ralgariB.  276 

Arrack.  325 

Artemie.  311 

Artichoke,  75,  77 

AsoomycetcB,  297 

ABpen.  160 

AapergiUus,  23,  24,  33,   79,   88,  116, 

120,  124,  131,  133,    1S6,   137,  145, 

216.  232,  325,  374 
Atmid-albamin,  173 
Atractylate  of  potassiam,  146 
Atractylia.  75,  82 
Azalea,  160 

BacillQB.  31,  98,  99.   116.  217,  218, 

247,  284,  326,  361,  371 
Bacterium,    24.    32,    216,    322,    323. 

346.  353,  364.  365.  374      . 
Barley,  71.  204,  207,  390,  891 

„         resting,  27 
Baaidiomycetes.  296 
Beet,  364 
Beta  vulgaris,  275 
Betula  lenta,  158,  160 
Betulase,  158 
Blatta,  43,  186 
Boletus,  297,  300 

„         cyaneacens,  298 
Botrytia,  89,  93,  304,  379 
Bougainvillea  spectabilis,  107 
Brassica  alba,  150 
„        napus,  276 
„        nigra,  150 
„        oleracea,  231,  276 
BromeUn,  195,  206,  424 
Bromus  asper,  94 
„         mollis,  94 
Buffy  coat,  the,  251 
Boniaa  orientaUs,  160 


W^M 

^^B^ll^ida  tem«Btation.  846 

Crucifcrae.  146.  151                                             ^^^| 

^^B7B«d«ttia.  90B 

CnisUc«a,  43,  117,  186,  332,  26S                  ^^H 

■         B.viiiu,  SOtl 

Cucnmis,  909                                                    ^^^| 

■ 

Cooorblta  Pepo,  37S,  277                                ^^^| 

CadAverine,  S6? 

Cydoma  vul;puiB,  273                                          ^^^^| 

Csppfliidooeae.  148,  151 

Cynara  BColymuB,  244                                          ^^^^| 

CarohBAJum.  11.  190 

Cytatie,  14,   29,  84.  67,  88,  879                        ^^H 

Coroiaus  iniBna-*.  261 

^^H 

Carica  oondiuam&iccnBis,  l&l 

Dahlia,  76,  394                                                  ^^H 

L          CariM  papaya,  34,  1S2.  195,  344 

Dandelion,  7G                                                   ^^^^| 

1         Caroubm,  102 

Darlingtooia,  210                                             ^^^H 

1          Caroubinaec,  101,  103.  108 

Datum,  246                                                        ^^H 

1         Carrots,  371 

Uaucua  carota,  376                                            ^^^| 

■        Cwease.  318 

DelphiQinm  Staphlaagria,  376                         ^^^| 

1        CHeia.  3S4,  2^,  342 

D«ut«ro-prot8oii«,  170                                           ^^^H 

1        CaMiongea,  23<i 

Dentziaa,  343                                                           H 

W        Castor-oil  plant.  230 

Dextnui,  362                                                                  H 

Costor-oU  need,  390 

DcxtriDafte.  59                                                               ^| 

C«ltuIoBe,  84 

DcxtrinB.  49                                                                    ^M 

Cepliaiopodi,  44,  179.  166,  322 

Dextrose,  63                                                            ^M 

—^         CeraaDS  lusitanica,  142 

■        Centonin  Kiliqtia,  101 

'        Oetatophyllma  tmhmenum,  276 

DiastAM.  6.  14.  1.5.  45,  410                               ^^H 

action  on  starch,  48                         ^^^H 

.,    gljooHsn,  60                     ^^H 

Chara  fragilis,  275 

aoiroal,  33                                         ^^^| 

Cheese  bacillus,  217 

ounilitii)Qeofth«actionof,63              ^^^H 

Chemical  fermautation,  430 

oonditioue  of  the  BMrelion                     ^H 

Clwrrv- laurel,   142 

70                                              ^^M 

Cbl»iii}'rlor]iuoor,  325 

^^^M 

Cholera  hacillutj,  217 

Invert«brata.  48                           ^^^H 

ChoHtie,  367 

of  •ooretioi),  17,  34                           ^^^^| 

Chyle.  35 

of  translocation,   17                              ^^^| 

C-hjmoBin,  284 

solivfto'-  ^^                                              ^1 

Citric  fernientstion,  349 

vegeuble,  oompariMin  of,  SI                      ^M 

Citrorajced,  340 

Diorayotjlufl,  882                                                      ^M 

ClaTiwjM  purpiircft,  131 

DigiUlia,  116                                                           H 

OlomatiB  Vitall>a,  244 

Dionni,  214,  878                                                     H 

ClitocyW,   aOO 

Diospyroa,  839                                                          ^M 

Cloitridiam,  346 

Droftn,  179,  314,  344,  879                                    H 

Coagnlable  protoids,  40fi 

Dyipeptone.  165                                                       ^| 

Ooa^Dlatfld  prottid,  252 

Dya-prolaow,  170                                                     ^H 

Oochlcaritt  armoraoea,  160 

Dystropodexthu,  61                                                 ^H 

CocoH  iiiicifrra,  100 

^1 

CaclBUU'rata,  I8fl 

Eartb-wortD,  1>^                                                      ^| 

Coffoa  arabica,  100 

Echtnodenuata,  48,  18S                                          ^| 

Collagen,  188 

EdcBtiD.  aoe                                                 ^M 

Collybia.  300 

ElsatiD,  188,  168                                                      H 

Colza,  230 

Electric  hydrolysis,  ftfrmentalioD  dnfl                     ^| 

Coniffehii.  HO,   146 

to,  481                                                                    H 

CoDVullaninriii,   146 

EmtUBin,  14,  180,  141.  410,  4U2                            H 

CoprinoB.  300 

EmulBion,  320                                                           ^M 

CrndlDit,  209 

Enzymeti,  7,  280.  338,  887,  420,  437                        H 
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Enzymei,  oharaoters  of,  12 

olssgification  of,  13 
dotting,  233 
constitution  of,  894 
fat-splitting,  220 
glnooBide-splittlng,  140 
mode   of    action    of,    412, 
422 ;  chemical  ratber  than 
physical,  4S2 
f,         oxidifling,  289 
„        proteolytic,  162,  175 
„        secretion  of,  373 
„        SQgar-splitting,  104 
Erioaceae,  169 

Erysimom  oheirantholdes,  160 
Eiyihrodeztrin,  49 
Ei^throzym,  141.  164,  157 
Eaoulin,  146 
Euoalyptas  manna,  136 
Encharifl,  114 
Enphorbiaoeae,  14S 
Enrotiam  oryzse,  24,  113,  824 

FeBoes  vini,  413 
Fehling's  solation,  78,  186 
Ferment,  fibrin,  233,  248,  249,  261 
„         nature  of,  2,  3 
„        organised,  7,  9 
„        aolable,  7 
„        anorganised,  6,  7,  418 
Fermentation,  aoetic,  361 

„  alcoholic,  312 

„  ammoniacal,  282 

„  batyric,  346 

„  citric,  349 

„  connected  with  life,  426 

„  definition  of,  9 

„  due  to  electric  hydro- 

lysis, 431 
lactic,  344 
„  oxalic,  350 

„  physical  and  chemical, 

430 
„  theories  of,  412,  417, 

419 
Fibrin,  249 

Fibrin  ferment,  283,  248,  249,  261 
Fibrinogen,  249 
Fibrino-plastin,  249 
FicuB  carica,  209 
Ficns  elastica,  24 


Flax,  204,  229,  280 

Fructose.  82,  104,  105,  121,  818,  498 

Fungi,  99 

Fusarium,  116 

Galactose,  99,  104,  105,  121,  438 

Galathsa  strigosa,  44 

Galium  verum,  244 

Gallic  acid,  160 

Gardenia,  294 

Gasteromyoetea,  297 

Ganltherase,  141,  158 

Gaultheria  procumbens,  168 

Ganltherin,  168 

Gelatin,  182,  188 

Gentianose,  121 

Gentians,  121 

Ginger -beer  plant,  321 

Gingko  biloba,  276,  276 

Gland,  salivary,  88,  73 

Gluoase,  14,  66,  106,  122,  126,  428 

Glnoose,  S3,  104,  106,  121.  147,  168, 

160,  813,  865 
Gluoosides,  140 
Glycogen,  57 

„         action  on  starch,  60 
Gosaypium,  135 
Granulobacter,  327 
Gnanin,  188 
Gum  ferment,  103 

Hebeloma,  300 

Helianthus  tuberosos,  20,  76,  276 

Helicampane,  76 

Helicin,  142,  146 

Helix  aspera,  44 

„      pomatia,  44,  179 
Hetleborus,  114 
Hemialbumose,  163 
Hemipeptone,  164 
Hemiprotein,  165 
Hemp,  204,  329,  230 
Hesperidin,  146 
Betero-proteose,  170,  400 
Hexatriose,  135 
Hibiscus,  826 
Histozyme,  284 
Homarus  Tulgaris,  261 
Hordein,  208 

Hydrogen-potassium  aolphftte,  147 
Hydrolysis,  49 
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Hymen  omycet«9,  131 

Liqaor  aangniniB,  248                                        ^^^^H 

Ujrpoxautliiu.  188 

LiTistonia  homilis,  97                                    ^^^^| 

Loliam  perunoe,  376,  97G                                 ^^^^H 

Iberis  unara,  ISO 

Lamlrricna,  48,  99                                         '^^^^| 

IndiglQcin,  307 

Ltipio,  S90                                                            ^^^^1 

inaui.  im,  fm 

Lupittu*  hirautui,  205,  240                        ^^^^^^H 

Inneeta,  43,  im 

latcDs,   100                                    ^^^^^1 

iDula,  75 

^^^^^H 

„      Helcniom,  76 

Maia  aquiiiado,  44                                           ^^^^| 

Inulatw.  1<1,  73,  82 

Maize,  129,  307,  380                                      ^^H 

Inulin,  rotatory  power  of.  82 

Matie  acid.  421                                                ^^H 

iBTertaae.  U.  105,  113,  118.  123,  428 

Malt  diaatatie,  80                                             ^^^| 

luvertebroU,  diastsee  of,  43 

MallnRe.  56.  59,   108.  133,  136                         ^^H 

Inversion,  105 

HallodextrJD,  50,  51                                             ^^^| 

luTertin.  lO:^,  103 

Maltose,  53,  105                                                     ^^M 

Iris.  275,  376.  380 

Malus  oommunii,  375                                     ,^^^^1 

lutit  olpina,  l(iO.  307 

Mnnibot,  146,  153                                      •     1^^| 

laomallDM,  55 

Mautiile,  421                                                           ^H 

MonDttol.  355                                                         ^^^| 

JoUpizi,  146 

Ma.nnoM,  87                                                     ^^^^| 

Marchantia  jiotyniorpha,  275                            ^^^H 

Kephir.  13S,  130,  819 

tbaUus,  376                                   ^^H 

Koji,  113,  324 

Medioago  sativa,  375,  376                              ^^^H 

Konmiu,  319 

Meliaothiu  toajor,  891                                   ^^^^| 

Melibiaw!.  185                                                 ^^H 

Lal>.  234 

Melitoaa,  185                                                   ^^^| 

LaoccBe,   14,  290 

Melizitaso.  105,  185                                            ^^^H 

Larao).  898 

M«ntha  Pakginm.  375                                      ^^^^| 

Laclariiw.  297,  800 

Metacawio,  189.  343                                           ^^^| 

Z^actoriuii  pijjcntut,  181 

Metamaltose,  58                                               ^^^^| 

Laotaae.  105,  138 

Metapectio  acid,  8fi,  80,  99                               ^^^| 

Laotia  fsTmeDtation,  844 

McUpeptone,  165                                             ^^^H 

Lactoae,  138,  319 

Methylulicylw  aoid,  U8                                ^^^| 

Lamellibraochiata,  44 

Micrococci,  284                                                     ^^^^| 

Larva,  IS'i 

Microcoeeas  awofonnis,  218                           ^^^^| 

Law  of  proportionality,  31 

prodigio«uii,  218,  345                    ^^^H 

Lt)uelU-cx  tract,  26S 

nuDoma,                                       ^^^| 

LeRummoBae,  304 

area.  383                                     ^^H 

Lepidiam  sativa.  150 

Middle  lamella,  87,  379                                   ^^H 

LepiJopttira,  43,  166 

MoUaHca,  48,  44,   186                                           ^^1 

LouciD,  164 

Montlia,  325                                                                ^H 

LeucindiKO,  807 

Manobutyrin,  238                                                         ^H 

Leooodexbin,  S9 

Monotropa  bypopythli,  141, 16&,  169                     H 

Lenoojam,  79 

Monotropaceae,  169                                                     ^H 

Leaoomaines,  367 

Moricandia  koBperidiflora,  ISO                               ^H 

LeacoQDStua  mtftMnterioMoa,  116,  368 

Moruzymaw,  108                                               ^^^M 

Lcuoobiu,  208,  308,  40U.  401 

MosBcs,  09                                                         ^^H 

LcnUow.  «i2,  428 

Mucin,  les,  188                                              ^^H 

LiUum,  6tt,  71.  89,  114 

Muoor,  825,  336,  S44                                     ^^H 

Liuiuaulha<-«a«,  148,  150,  159 

Mulborry,  106                                                  ^^^| 

U(««e.  14,  183,  920.  821,  222,  423 

Miuoarine,  867                                                ^^^H 
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Mya,  811 

Uyooderma,  10,  851.  858,  880 
Myoalbamin,  266 
HjogloboliD,  266 
Myosin-fennent,  264 
Myosinogen,  260,  266 
Myronate  of  potassiam,  147 
Myrosin,  14,  147,  423,  429 
Myxomycetes,  24,  216,  262,  297 

NarciBBOB,  114 

„  poeticus,  114 

Nasturtium  officinale,  150 
NepentheB.  210,  212 
Nenridine,  $67 
Nitrates,  357 
Nitric  fermentation,  857 
Nitrification,  367 
Nitrites,  357 
Nitrobacter,  359 
Nitrosoooccna,  358 
NitroBomonaB,  358 
Nuclein,  182 
Nucleo-albumin,  182,  883 

„      proteids,  182, 253,  391,  400, 410 

(Enoxydase,  301,  802,  805 

Opium,  229 

Organised  ferments,  368 

Ostrea,  311 

Ox,  pancreatic  jaice  of,  63 

Oxalic  fermentation,  850 

Oxidases,  289,  423 
„         animal,  307 
„        other  vegetable,  306 

OxyoellaloBeB,  100 

Oyster,  44 

Palms,  97 
Pancreas,  116,   124 
Pancreatic  juice,  84,  36,  63 
Panginm  edule,  161 
Papain,  195,  200,  201 
Papaver  Bheas,  107 

„       somniferum,  34 
Papayaceae,  148,  150,   151,  152 
Paraglobulin,  250 
Paramceciam,   190 
ParamyoBinogen,  266 
Parapeptone,  165 
ParmeUa  caperata,  147 


Paxillas,  300 

Pears,  805 

Pectase,  14,  156,  283,  366 

Peoten,  811 

Peotic  add,  65,  86.  270 

Pectinate,  273 

Feotine,  85,  86,  270 

Fectose,  86,  86,  99 

Pectose  group,  85 

Fellionia,  880 

Penicilium  Duolanxi,  116 

„  glaaonm,    32.    116,    124, 

131,  146,  281,  826,  350, 
374 
Pepsin,  6.  14,  176.  424 

,.       of  pig,  180 
Pepsin  essenoe,  287 
Pepsinogen,  386 
Peptogens,  192 
Peptone,  163,  422.  424 
Persian  berry,  157 
Petromyzon,  178 
Peziza,  88 

Peziza  Bclerotiomm.  88 
Phenol,  364 
PhiUyrea  latifoUa,  160 
Phillyrin,  160 
Phloridzin,  146 
Phoenix  dactylifeta,  97,  100 
PholioU,  300 
Phyllirhoe,  189 
Physcia  ciliaris,  147 
Physical  theory  of  fermentation,  480 
Phytelephas.  100 
Pialyn,  183,  220.  221 
Pig,  pancreatic  secretion  of,  68 

„    pepsin  of,  180 
Pike,  243 

Pingnicula,  214,  244 
PinuB  Laricio,  276 
Pisum  sativum,  21,  100.  346 
Plantago  media,  275,  276 
PlaBmine,  249 
Plasmosomata,  388 
PlatycarcinuB  pagums.'  44 
Plums.  806 

Pollen  grains,  22,  71,  114 
Polygala,  158 

„        caloarea,  169 

„        depressa,  159 

..        Tnlgaris,  159 
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Polyponu  snlpbaretu,   23,  116, 

134,       RhuB,  390                                                           ^^^1 

ai5 

Kilxia  rubiora,  276                                           ^^^^| 

Folyaaccbsridee,  815 

113                                                           ^^^1 

Poppy,  307,  22i» 

Kichitrdia,                                                      ^^^| 

Populin,  146.  IfiO 

Rioinus  communia,  307,  227,  240,  346 

FortuDUH  pulicc,  44 

Bobinia  pseudo-acacia,  107,  376 

PotiuuiuiD,  aLroetyl&te  of,  140 

.,         visQosa,  107 

,,           myronate  uf,  H7 

Boaa,  107 

Potato.  22 

KosftDeae,  130,  145 

„       starch,  C3 

Botifers,  49 

Pnmuro,  2M 

Bubia  titictoria,   IftS 

Privet,  421 

Btibiadipin.  156 

Pro^iunic  fcrmentntion,  348 

Bubiaflu,  loti 

ProportioDftlilj,  Uw  of,  31 

Biibingiu,  156 

Protailio<chromtigen,  1U8 

Bubian,  155 

Pioteolyufl,  102 

Bubirutin,  156 

Proteotjtio  eazymea,  1C2,  175 

Babus  idmua,  275 

Proteoae.  170,  422 

BuBsula,  297.  300                                              ^ 

Prot«iis,  'A0& 

ileltca,  30O                                          ^^^| 

Proteuit  vulgaris,   U(> 

fueteus,  296                                     ^^^| 

Protbombiu,  2St> 

BJ^       131                                     ^^H 

ProtoplBim,   renueotatiTe   power 

^^H 

a4i 

Baocharomjrwfl,  4,  115,  316,  317.  938,                ^M 

Proto-proteoHfl,   170,  309 

350.  436                                   H 

Protozoa,  383 

M              ellipaoidetM.  306                           ^| 

^^^B     Proxymogeu,  HH3 

Marxiantu,  129                             ^H 

^H   PBalliota,  207.  aOO 

octosporua,  129                             ^M 

Ptomsiues.  3(M,  361 

BaiioiD,   140,  142.  146                                              H 

Ptyalin.  16.   16,  6fl.  &6 

Saliva,  U,  35,  63                                                     H 

Ftyalose,  o5 

Salivary  glaod,  33,  73                                              ^M 

Putrefaction,  a#4 

Bambuciu  nigra,  276                                                ^M 

pQtreMine,  3C7 

Bamfna,  384                                                          H 

Pyrrolin,  ISS 

BaTTaoenia,  SIO                                                          ^M 

Pttha  oonunuais,  27& 

Bcliixom}cet«B.  284                                                   ^M 

ticbizopbyta,  9                                                      ^M 

BaffioAM.  105,  136 

SoillB.  79                                                               H 

ftaflHuMHi,  ISS 

Belerotiuia,  850                                                    ^M 

iurkI,  a-is 

8cut«llam,  35.  93                                                 H 

Raiaalinu,   147 

Beniinaiuj,  99                                                             ^H 

liape.  207.  22a 

B£pU.  318,  222                                                         H 

Raphiuiua  sativiiii,  150 

fieram,  348                                                           ^M 

Beoiiet.  14,  lt(».  301,  333,  334, 

344,      Serum -global  in,  250                                             H 

1186,  8U9,  424 

Sbeiup,  paooreatio  jaic«  of,  63                            ^H 

<           Bennia,  284 

Sinapis  nJKra,   1-18                                                    ^M 

BwoedocHMie,  148 

Siuittrin,   140,  147.  148,  438                                   ■ 

Rhaninatift,  141,  157 

Sbatol,   188,  364                                                       ^M 

Bh&utiotixi,  157 

Sojn  hinpiila,  100                                          ^^H 

Bhamiiiu,  157 

Bolanin,                                                          ^^H 

Rhamoun  infectarias,  lfi7.  379 

SolaDam  Xiyoopsriioom,  S75,  376                ^^^| 

Kbvuiu  rhttpuQtiuoam,  375,  376 

tuborocam,  376                                    ^| 

Rkizopiu,  93,  336 

Sorbose,  104                                                         H 
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Spiders,  44 

Spinea  Filipendnlft,  168,  160 

„      salicifoliA,  160 

„      Ulmaria,  168.  160 
SpirogTTa,  276 
Sponges,  165 
Starch,  67 

„       action  of  diastase  on,  46 
Steapsin,  220,  221 
Stomata.  74 
Btylonichia,  190 
Baooas  entericns,  38,  86 
Snlpho-eyanate  of  aUjl,  147 
Synaptase,  141 
Syringa  Tolgarig,  276 

Tabes,  311 

Taka,  24 

Tamus  oommnnia,  96 

Tannin,  69,  140 

Taraxaonm,  76 

Thrombaae,  14, 248.  260, 266,  891,  400 

Thrombin,  244,  250 

Thnja  occidentalls,  275 

TisBue-fibrinogens,  391 

Tomla.  282 

Tonranose,  137 

Trebala,  132 

Trehalose.  83,  106,  180,  182 

TrehaloBe,  180 

Trioholoma,  300 

Trifoliam  pratenee,  276.  276 

Tropaeolam,  68,  111,  161 

TropoBolaceae,  148 

Trypsin.  14,  188,  242,  402.  422 

„        vegetable,  196 
Tonioata,  187 
Tyrein,  284,  236,  242 
Tyroein,  164,  299 
Tyrosinase,  14,  298 
Tyrothix,  218 


TJIvina,  861 

Unorganised  ferment,  418 

Uraster,  43.  185,  222 

Urease.  14.  282,  284,  869.  422 

Urine,  85 

Unishi,  290 

Unuhic  acid,  290 

Usoea  barbata,  147 

Vasooncella  qnercirolia,  161 

Vegetable  diastase,  comparison  of,  31 

Verantin,  166 

Vetch .  204 

Vibrio  Finkler-Prior,  218 

„       cholerae  asiaticae,  218,  346 
Viscous  fermentation,  361 
Vitellin,  171 
Vitia  Tinifera,  276 
Volvaria  speciosa.  131 
Vortioellidae,  190 

Wall-flower,  149 
Wheat,  207,  391 
Wheat-embryos,  118 
Whey,  234 
Wine,  801 
Withania,  245 
Worms,  186 

Xanthin,  188 
Xantfaorhamnin,  167 

Teast.  117.  216.  426 

„      albaminoid,  406 
Teast-cells,  24 

Zamia.  71,  114  i  - 

Zea  mfUB,  276,  276 
Zymase,  14,  108,  887,  369 
Zymogen,  83.  381,  386 
Zythozymase,  108 
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